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, ENDURO 


For HIGH 
TEMPERATURE 


APPLICATIONS 





Enduro, Republic's Perfected Stainless Steel, parts, oil burner parts, retorts, oven linings, heat 


brings to designers of equipment subjected during exchangers and a host of other industrial applice- 


operation to high temperatures, high stresses and tions. 
corrosion a medium well suited to the solution of :; 
bI Enduro Nirosta can be supplied in billets, rough 
vexing problems. 
"7 turned tube rounds, bars, sheets, plate and hot 


Several grades of Enduro are available, each rolled strip. Let our metallurgists tell you how this 


possessing characteristics of strength, toughness, enduring metal will meet your most exacting 


oxidation resistance and workability that makes it requirements, and recommend the most suitable 
suitable for a particular class of service, such as analysis. 


refinery equipment, chemical equipment, furnace 


CENTRAL ALLOY Diviston ENDURO 
REPUBLICS PERFECTED 
co RP oO R ATI oO N Enduro is sold only through 


eee Wee Republic Sales Offices and 








— —— 


Se Authorized Distributors, 














Lt oO F C ONBT ENTS 
SEES a nn ee ee ee 32 
ES ee ee 33 
SRS ee ee eee ee 40 
ER ee ewees 45 
a aie cee eenseneemaiwsneea weeds 48 
indies cet aeknnedcankenadnbesiiates . 49 
ee  cccns chs eneebacesdeauees . 54 
nT. ds bagtbndenebededeseeenseeeeseens . 60 
PTGS 62 wesbennsseeneseneeeuwe . 66 
DE istthsiwewebsastavacdeusseneues . 71 
i ot co reeckeeeceabouseweseeeetesas 77 
ALUMINUM PISTONS...................... 90 
SE I hs tra0dsedsssedeeaeeszedressdendeas . 94 
Ns ncn nen area tbc dneaeieceekhwed ean 99 
Authors’ Page............. 20 Correspondence 85 
PI cc oskstancdobes . 67 Patents... . 104 
Data Sheets Metallurgical Index 124 

Aluminum Pistons......... 81 Helpful Literature 148 

Cold Drawn Tubing........ 83 Index to Advertisements 153 


() y m ¢ d and p 





© Ss Ss 


Published and Copyrighted 
1931, by the American So 


ciety for Steel Treating. 


1Olo kuclid Avenue, Cleveland 


Ohio Issued monthly, 35 


vear, $1 a copy kentered as 
second-class matter, Feb 

1921, at the post-office at Cleve 
land, O.. under the fet 


Varch 3, 1870 


American Society for 
Steel Treating 
not responsible fou stats 
ments or opinions printed 1 
this publication, l-ditorials are 


eritten by the editor and rej 


ent his views Hie ais als 
sponsor for unsigned and staf 
rtic 

brnest I Dhum., Editor 


\MERICAN SOCIETY for STEEL TREATING 


1931 











Us / 
j J 


D STE 
WT] 

















An important phase of Timken 


quality control 


Uniformity of physical structure is one of 
the most important necessities in alloy steel, 
for upon it depends, to a very great extent, 
the reliability of the steel in service. 


Timken quality control leaves nothing to 
chance in connection with this vital factor. 


So careful and thorough is Timken manufac- 
turing practice, and so complete and rigid 
Timken testing routine, that there is hardly 
a possibility for physically defective steel to 


be produced or passed. 


As an additional precaution, however, the 
etch test is used in the nature of a sur- 
prise check. 

This test is not applied to every heat, but 
may be called for at any time by the chief 
metallurgist unknown to the furnace men, 


rollers and other operators. 


While expensive to make, the etch test is 
infallible in results. 


It may be made while the steel is in the form 
of blooms, billets or bars, and the method 
as practiced by Timken, is as follows: 


Full sections of steel are sawed off the 
blooms, billets or bars as the case may be 
These pieces of steel are then etched in 
acid solution, which clears the surface of the 
steel of saw marks and other superficial 
irregularities and reveals the true structure 
of the metal. 


The etched sections are then critically e» 
amined by the metallurgists for alloy segr« 
gations, slag inclusions, pipes, seams 
other structural imperfections detrimenta 
to physical quality. The Timken Steel : 
Tube Company, Canton, Ohio. Detr 
Chicago, New York, Los Angeles, Bost 
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FOR YOURSELF? 





The new Riehle catalog 
ready for distribution. 
Send for your copy. 


r beauty in machine design means anything to you who 
work with machines, then the above artist's sketch of 
Riehle’s new precision Hydraulic Universal Testing Ma- 
chine with the new Mercury Float Recording Unit will tell 
you volumes. * Beauty in design, however, is but an inci- 
dent in the conception of this machine. Far more impor- 
tant than its general appearance is the creative engineering 
that gives to you a machine so far in advance of present- 
day machines that it is truly tomorrow's machine. * See 
this machine at the A. 8S. T. M. Convention in Chicago — 
June 22nd to 26th—where it will make its first public 
appearance. *° Visit booths Nos. 19 and 21—see this 


machine in operation—and judge for yourself. 


RIEHLE BROS. TESTING MACHINE CO. 
1424 NORTH NINTH STREET, PHILADELPHIA, PA. 























Strong Steels 


EVELOPMENT of longer span bridges has 
D created an impelling need for high 
strength steels. That the economy of utilizing 
stronger steels increases with the span-length, is 
iiiomatic. In certain cases, as in the stiffening 
trusses of long suspension spans, economic de- 
sirability vields to compelling necessity as the 
voverning consideration; the material must be 
suited to the high unit stresses determined by 
ther controlling features of the design. Other 
reasons, besides dead load reduction, for adopt- 
ig high strength steels are to keep large sec- 

ms and thicknesses in shapes and plates down 
rkable limits. 

\ccordingly, the bridge engineer looks to 

netallurgist to furnish high strength steels 

it shall be suitable, safe, dependable, and 

mical. (1) Economy requires that the 

ial shall not only be comparatively low in 

‘rst cost, but that it shall also be free from ex- 

e requirements in fabrication and erec- 

(2) Dependability requires that the ma- 

shall be subjected to exhaustive testing, 


ind experimental research before it is of- 
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fered for utilization. (3) Safety requires that 
the material shall not have or develop any un 
known or unsatisfactory service characteris 
tics, such as time effects, internal stresses, brit 
tleness, or non-uniformity. (4) Suitability re 
quires that the metallurgists and the producers 
study the conditions under which the material is 
to be used, including the form of the members 
and the connections, to make certain that no un 
known or unconsidered property of the material 
will adversely affect its safe and economical 
serviceability. 

The objective in developing high strength 
steels should be to obtain high elastic limit with 
unimpaired ductility. The elastic limit (or vield 


point) determines the ultimate = strength for 
columns, and is also the basis for fixing working 
unit stresses for other members 

Except where economy or other desiderata 
dictate the adoption of high-strength steels, the 
bridge designer prefers low strength material in 
order to retain maximum stiffness in the struc 
ture. Higher unit stresses mean greater de 


flections under load. Of two designs of equal 
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cost and safety, the heavier design is to be pre- 


ferred, for its rigidity and for longevity (either 


for corrosion resistance or for future increase 


in live loadings.) 


Nickel Steel In the Older Bridges 


The high strength steels that have thus far 
been successfully used in bridge construction 
have been of three classifications: alloy steel, 
heat treated carbon steel and cold drawn high 
The 


be discussed in 


(bridge 
In 


the alloy steels we have used extensively nickel 


carbon steel. latter classification 


wire) will not this article. 
steel, silicon steel, and medium manganese steel. 
In the heat treated steels we have eyvebars in 
both mild grade and high tension grade. 

The Eads Bridge spanning the Mississippi 
River at St. Louis, completed in 1874, was the 


first important American bridge to use steel. It 
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Vetropolis Bridge, Over the Ohi 
World's Truss S] 
Ft. 


balance of structural grade 


Longest Simple 


Eyebars and pins are of mic 
Compl 


was also the first bridge in the world to e1 
alloy steel. The tubular chord members o! 
hingeless arch ribs were made of a low cl 
ium steel of 100,000 ultimate and 40,000 1 


sq. in. elastic limit. In the undeveloned 


of the art, this material was not unifor 
vave much trouble in fabrication. 

Alloy steel for bridges returned into 
able consideration with the advocacy by G 
Lindenthal, about 1900, of nickel steel for 
the Manhattan, the Queensboro, and the r 
breaking Quebec Bridge. 

Although Lindenthal’s design for th 
hattan Bridge with cables of nickel ste« 
bars was turned down by the political at 


ties, the adopted design with parallel wire 


METAL PRO 








| nickel steel for the stiffening trusses 
d bottom chords and diagonals). Over 
ns of nickel steel were used for these 
rs in the main and side spans, out of a 
over 44,000 tons of steel in the entire 
Ordinary steel was used for the vertical 
s in the stiffening trusses, since neither 
iv nor stress conditions called for stronger 
ere. The nickel steel chords and diagonals 
veted, built-up members, and are generally 
ed to take reversals of stress. The bridge 
R completed in 1909. Nickel steel evebar 
s. as suggested in the original Manhattan 
Bridve design, were used for the Cologne sus- 
pension bridge over the Rhine, completed in 
1915, with a main span of 605 ft. 
Nickel steel evebars, as proposed by Linden- 
il, were adopted in 1902 for the tension mem- 
bers (top chords and diagonals) of the Queens- 
ro Bridge (a cantilever design completed in 


1908). The evebars were up to 16x2 in. cross 


section, the largest made up to that time. Pins 


re also of nickel steel. About 6.000 tons of 


nickel steel was used in the structure, out of 
» total ol 23.000, 
The second Quebec Bridge (also a canti 


lever, completed in 1918) utilized nickel steel as 


\ 


the principal material both for tension members 


of evebars and for built-up members to take 
Nickel steel 


compression or reversal of stress. 


inez Cantilever Bridqe, ¢ omple led 
19 Vies With the Longest Cantilever 
Spans tn the United States. Eyebars are of 
rade of heat treated steel, and com 
n members are of structural silicon 


sf The author was designing engineer 
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rivets were not adopted, due to insuflicieney of 
tests and a time delay. 

In the Municipal Bridge at St. Louis, nickel 
steel was used throughout for both evebars and 
compression members 

Nickel steel was also used for the evebars 
and pins of the Metropolis Bridge over the Ohio 
River, completed in 1916; its simple truss span 
of 720 ft. holds the record. 

Among the recently completed suspension 
bridges is” the Phrilsace Iphia Camden  Bridyu« 
(completed in 1926), wherein nickel steel was 
used for the top and bottom chords of the sti 
fening trusses, to meet the unit stress require 
ments Imposed by the conditions of clastic de 
ection of the spans Phe amount of nickel steel 
so used was over 5.000 tons, out of a total of 


over 18.000 tons of various kinds of steel used in 


the bridge. 
Long Bridges Demand Best Steel 


Lhe Hludson River Briduc alt Fort Lee is now 
being built as a single-deck structure, without 
any stiffening truss 

Phe top chord of the future stiffening truss 
is being built into the present structure at road 
way level and serves as a chord for a wind 
truss. It is made of nickel steel. The specifica 
tions called for silicon steel chords for the alter 
native design with evebar cables, and for nickel 
steel chords in the adopted design with wire 
cables, since the greater elastic deflection of the 
higher-stressed wire cables produce d stresses in 


the stiffening truss too high for silicon steel to 
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World’s Longest Arch, 1652 Fi 


Completion. Kill Van Kull Brida 
Carry Phe future bottom chords will also be of : ‘ 
: 000 tons ¢ medium manganes 


nickel steel, but diagonals and the bottom main compresston membe 


chords will not be added to the structure until 


the volume of tratlic makes it necessary to add steel is the least expensive of the high st: 
the lower deck. structural steels. In fact it is the least cos 

Nickel steel, although showing high physical all bridge steels per unit of strength. Sil 
properties in the standard test specimens, is sub- steel is obtainable at a price differential 
ject to certain limitations as, for instance, with or less over ordinary carbon steel, and it \ 
respect to punching or drifting of rivet holes. require a very long span indeed to mak: 
Nickel steel is also difficult to roll without sur orable economic showing for nickel steel a 
face defects. this less expensive alloy. 

This steel’s principal disadvantage, how Silicon steel has been used successfu 
ever, is the cost of the material. A differential a large number of modern bridges. It was us 
of 2'.¢ per Ib.. or more, for the standard 3!. for all the main members (except evebars) 
nickel steel over ordinary carbon steel, and an the Metropolis Bridge in 1916.) It was ad 
increase of about 10%. in shop costs, now limit for the towers and compression members « 
the economic applications of nickel steel to ex Carquinez cantilever bridge, for the tows 
ceptional cases where less costly alloys will not the Philadelphia-Camden suspension bi 
have the requisite strength. for the stiffening trusses of the Mount Hope, D 

For general purposes as an economical troit, and St. Johns suspension bridges, for 
high strength structural alloy, nickel steel has of the truss members of the Montreal 
been superseded by silicon steel. Were econ bridge, and for the towers, floor, and 
omy alone is the governing consideration, nickel virders of the Hudson River suspension It 
steel cannot compete with silicon steel. Silicon Phe last-named structure uses 53,000 tons 
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on steel is subject to certain limitations 
ct to specifications, design, and inspec- 
hich should be kept before the bridge 
r. In the first place, not all sizes and 
ave been available in silicon steel. Fur- 
re, sheared edges require to be planed 
refully inspected to reveal seams or lam- 

s 
Silicon steel is properly used for built-up 
ssion members, but should not be used 
sion members except with extreme cau- 
lf used for tension members, sections and 
s should be CCE rously proportione d, with 
ss material at connections for safe distribu- 
f stress. Designs for tension members of 
steel, including connections, should be 


ked bv full-size tests to destruction. 
Manganese Steel Used In Long Arch 


Medium manganese steel (1.5 Min) was 

oped as a structural alloy steel in time to 

dopted for the Kill Van Kull arch bridgs 

ipproaching completion for the Port of 

New York Authority. With its span of 1,652 ft. 

s will be the longest span arch in the world. 

(dye 000 tons of manganese steel went into 
s structure, 

Fests on half-size columns for this bridg« 

showed a 50 increase in strength over ordi- 

structural steel; but tension tests of mem- 

s made of this material with riveted connec- 

s Vielded disquieting results, and modifica- 

s of design were necessitated to assure 


cessaryv satety. 


Apparently, all is not known that should be 
known regarding the behavior of alloy steels 
when used for riveted tension members, and 
such use should be avoided until more complet 
and reassuring information can be furnished by 
the metallurgists and the producers. 

Heat treated steel evebars, mild grade, with 
a guaranteed minimum ultimate strength of 
S0,000 and a guaranteed minimum vield point 
of 00,000) Ib per sq. in., have been available to 
bridge engineers since 1915. 

Following their successful application in six 
smaller bride s. thev were adopt d for the prin 
cipal tension members of the Carquinez Strait 
Bridge in California. This cantilever structure, 
with two main spans of 1,100 ft. each, was com 
pleted in 1927. For the mild grade heat treated 
evebars, the adopted unit stress was 50°. highet 
than that specified for ordinary structural steel 
Brinell tests were adopted to test the uniformity 
of the eve bars throughout their length and with 
one another. 

Phe heat treated evebars, mild grade, ap 
pear to be a fully safe and satisfactory material 
for use for bridge members in tension hei 
cost is only le above the cost of ordinary struc 
tural steel « ve bars 

After several vears of experimental ade 
vi lope nt, high tension, heat treated steel eve 
minimum ultimate 


bars, with guaranteed 


strength of 105.000) and guaranteed minimum 


Longest Eyebar Suspension Bridge With 
Span of 1.114 Ft Connects Braziliar V 

ud ft the Island City of Floriar s 
Completed 1926. Kkuyebars are 


} sf fs heal 


























imbassador Bridge Over Detroi 

River With Main Span of 1,85 

Ft., Has Stiffening Trusses 
Silicon Steel 


River Bridge at New York i; 
the two alternative designs c: 


plated (a) high tension, heat ty 








evebars and (b) parailel wi 
bles. The wire design won 
margin of $2,000,000, or 20 

total cost of the cable work, ing 
ing that the high strength ev: 
cannot compete with wire cables | 
extremely long spans. Their cos 


about 2e a pound above the cost 


ordinary structural steel evebars 


vield point of 75,000 Lb. per sq. in. became avail A comparison of the governing ph 


able in time to be offered and adopted in 19238 properties of the important high strength st: 
for the Florianopolis Bridge in Brazil (com- tural steels is presented in the accompa 
pleted in 1926). These evebars were used as a tabulation, 
suspension member, a substitute for the wire Phe metallurgist and the producer cai 


cables, ata price that equated the total cost; they satisfy the needs of the bridge engineer will 


made possible, however, a modified type of stif- spect to these and other high strength struct 


fening truss which vielded greatly increased rig steels if the following considerations are k; 


idity at reduced cost. The heat treated evebars mind, 


were recommended for a unit stress of 90,000 Tb. I. A high elastic limit is a prime desid 


per sq. in. but this was later reduced to 16,500. tum, since it is the principal factor determ 


the permissible working stress. 
t yebars Guaranteed by Producer 2. Phe ratio of elastic limit to ull 
strength should not be too high, preferab! 


At the time of this first adoption of the than 70°. If the ultimate strength is too 


high tension, heat treated evebars, facilities for to the elastic limit, a comfortable safety n 
full-size tests were limited and privileges of in is lacking, and relief of excess localized s! 


spection of fabrication were withheld. The en through vield is limited. 


vinecrs were therefore compelled to disclaim re ). Phe material should show good el 


sponsibility for this material, and the producer tion and reduction of area before failure 


furnished a full guarantee to the purchaser. values of these test properties are dange' 


Subsequently the producers waived their policy to the structural engineer. 


of secrecy, and removed restrictions on inspec 1. The material should show good w: 


tion of fabrication. This material suffers from qualities in) bending, punching, and = di 


the limitation that the properties of each evebar tests, depending on the operations to whi 


depend upon the individual heat) treatment 
SPECIFIED GUARANTEED MINIMUM PROPERTIES 
OF HIGH STRENGTH STRUCTURAL STEEL 


; ; Ultimate , oe 
The material has since been used for the Strength Yield Point | Elongatio 


which it receives, and the finished evebars can 
not be tested without destruction. : 
PO. 
cables of two other bridges of the Florianopolis 

Ivpe, both over the Ohio River: the Point Pleas 

ant Bridge (completed in 1928) and the Saint 

Mary's Bridge (completed in 1929). 


In the competitive bidding on the Hudson 








biected in shop and field and on the stricted privileges of inspection and facilities 


which it is to be used in the structure. for testing. Any lack of full mutual confidence 
ire important tests to determine the is an obstacle to the development and adoption 
ss of the material and its safe resistance of the material. 
ious effects in fabrication and erection 13. Metallurgists and producers should ob 
2 ons. viously keep in mind the economic considera 
~ Means of assuring the uniformity of the tions governing the justification of special ma- 
il and its freedom from injurious inter- terials, and should endeavor to meet these con 
’ esses should be provided. ditions in the price at which the materials can 
; The material must be free from = any be produced. 
es of brittheness under any conditions of 14. The producers should be in a position 
fal ition, erection, or ultimate service. to advise bridge designers quite definitely and 
The material should be thoroughly in- reliably in advance on the relative price per 
estigated for any limitations of service, to de- pound for estimating any special material. Any 
termine its safety for use in tension as well as in substantial change in the pound price differen 
. ompression, in riveted members as well as in tial may completely upset detailed economic 
riveted members. designs based on the estimate quotations. 

s. Any new material should be subjected lo. For maximum cooperation, bridge de 
the most searching investigations, including signers should be kept informed on the various 
v-time tests, long-length tests, flexure tests high strength steels available, their complet 
d creep tests, and all information thus secured physical properties, their relative costs” pet 

should be made freely available to prospective pound, the shapes and sizes in which they are 


sers to acquaint them with limitations of safe available, their recommended uses and applica 


sc and to establish full mutual confidence. tions, and any limitations on their safe accept 
% The individual bridge engineers do not ance and application, 
ive the hecessary facilities for extended inves- 
vation of proposed new materials. It there- 
fore devolves upon the producers, with their Mount Hope Suspension Bridge, De 


metallurgists, their specialized research organ- signed By Robinson & Steinman, Re 


ceived Award for Being the Most 
Beautiful Bridge Completed in 1929, 


Copyright Amemya 


cations, and their testing equipment and facili- 
es, to conduct exhaustive investigations of any 

material before it is offered or recom- 
ended to structural engineers, 

Il). Because of these greater facilities for 
rough research and investigation possessed 
the producers, they should properly take full 

esponsibility for any new material developed 

d should freely back it with their guarantees 
iit has proved itself safe and dependable 
sh long established use. 

1] Metallurgists and producers should 
ughly study the proposed use of any new 
eclal material, and should be prepared to 
mend it unreservedly as thoroughly suit- 
for that use. The individual bridge engi 
should be reassured that the material does 
ssess anv unrevealed or tricky properties 
lit it for the full service intended. 

2. The producers should avoid any policy 


reey concerning any special material, and 





. ' give the purchaser's engineers unre- 
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Magnetic 


achievements 


CUSTOMARY methods of testing steel to de- 

termine physical properties, structure, and 
chemical constituents are all destructive tests, 
since in performing them the piece of steel 
tested is destroved. Furthermore these tests are 
made on samples chosen to be as representative 
as possible of the entire lot; the results obtained 
from them are assumed to hold true and repre- 
sent the balance of that particular lot of steel. 

The limitations of these tests are well 
known to metal makers and users. A test or 
group of tests which can be performed on the 
entire amount of steel to be used without de 
stroving it or injuring it in any way, has long 
been the goal of many testing engineers. 

Within the past few vears this problem of 
non-destructive testing has been attacked by 
quite a few engineers. The methods emploved 
mav be separated into two main groups. 

One main group uses a ray which will pene- 
trate the steel and act on a film to produce a 
picture. What this method in reality does is to 
make the opaque steel translucent, so that it can 
be perceived by the eve and the internal area 
examined for defects. The most notable ex- 
ample of this method in the commercial field 
involves the use of the X-ray. However, experi- 
ments are being carried on with other rays, 
notably the gamma rays of radium emanation. 
A particularly good paper on the application of 


gamma rays was presented by Dr. Robert F. 


40 


Inspection 


fo date 


Mehl last September, at the Chicago conv 
American Society for Steel Treating. 

The other non-destructive test method 
sists of producing transient phenomena 
steel and then correlating the characteris! 
this transient phenomena to the physical, « 
ical and structural characteristics of th 

The leading example of this group is 


magnetic method. Another is the electrix 


third method which has been considered 
mentioned from time to time, but on whic! 
little research work has been done until 
recently, is the acoustical or sound method 

In the first mentioned method, the tra 
phenomenon is induced magnetism. Cé 
characteristics or a group of characteris! 
the induced magnetism are measured and 
related to known physical and structural 
acteristics of the steel. Then  upol 
reappearance of this set of magnetic char 
istics, the physical and structural charact: 
are known to be the same as in the sta! 
Therefore the premise upon which ma 


analysis is based is that, for each particu 
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» of physical and structural character 
ere is a corresponding set or group ol 
characteristics and only one. 


n-technical explanation of the theory of 


magnetism will probably aid to a bet- 


rstanding of the theory and application 
etic analysis. 

iece of steel is made up of innumerabk 

ms. Atoms are considered to consist of 

is and a group of electrons, moving in 

rround the nucleus. Since an electron is 
red to be a unit particle ol electricity, 
tron-in-motion is an electric current. <A 
tic field is always associated with a cut 
electricity. 

Normally the electronic orbits in the dif 
tloms are in random = directions and 
ilize each other. When a low magnetizing 
s applied to the steel some of these orbits 
ricnted so their direction is the same. As 
inetizing force is Increased, more and 
of the electronic orbits become uni-direc- 

\ point is reached at which no further 
on orbits are oriented even after increas 
the magnetizing force. This stage is known 


netic saturation.” The action of thes 


Beliween Vag 
fits Inducing 
Dotted curve re} 
fifton au 


ynetizatiton 










represents 
n under 


forces 


= Magnetizing Force in Gilberts per om 


electrons under increasing magnetizing forces, 
when measured and plotted, produces the “B-H 
curves.” A typical B-H or magnetization curve 
is shown dotted in the graph. It starts from 


zero, rises slowly for a time, then rapidly, then 
flattens off to saturation 

If the magnetizing force is evelic (such as 
produced by an alternating current) we get a 
closed loop, called the “hysteresis loop.” \ 
tvpical hysteresis loop is shown in the graph 
In other words, when the magnetizing force ts 
removed the magnetization does not follow 
back down the original curve; there ts a lag 
Certain terms used in magnetic science are «de 
fined by this hvst resis loop “A” on the curve 
represents the value of the “residual induction.” 
while “B” on the curve indicates the correspond 
ing value of the “coercive fore 

In magnetic analysis, changes in one ot 
several of these different magnetic properties o1 
changes in the relationships between some ot 
the properties are used as a means for discovet 
ing changes in mechanical and structural prop 
erties of the steel. 

there are two ivpes of electrical current 
commercially available for producing the mag 
netic field, namely, direct current and alte 
nating current The former was the first used; 
in fact present interest in magnetic analysis can 
be traced to the pioneer work which was done 
with direct current by Dr. C. W. Burrows. — In 
addition to working on methods of correlating 
abnormal mechanical and structural character 
istics of steel to various magnetic 
characteristics, he also devised a 
method of detecting defects by 
magnetic leakage 


Phere 


objectionable features of direct 


are, however. several 


current in- this) problem \l 
though it is still being experi 
mented with and in a few in 
stances is being used success 
fullw, the sreater amount. otf 
work in late vears has been done 
with alternating current L the 
one great advantage of direct 
current over alternating current 
is that it is not limited by lacl 


ol penetration 


Alternating current is avai 











Simple Test Set Contains 
Tir Identical 
Solenoids; Within Each Is a 
Secondary Coil, Circuits of 


Primary 


; 


thre SOC ndary coll are sel 
so they oppose each other 
and the recorders Mmecasure 


differences tn their effects 


able commercially in two frequencies; 60 and 25 
eveles. Of these two, the one most often used in 
magnetic analysis is the 60 evcle. Many of the 
objectionable features of direct current are 
climinated by using alternating current. 

A number of different circuits can be used 
and a variety of magnetic characteristics em 
ploved as the means for correlation but it is be 
vond the scope of this article to go into a tech 
nical discussion of them. At present it is de 
sired to describe in a simple manner only one 
of the circuits used and some of the results 
obtained. 

Magnetic fields hay be produccd hy sole- 
noids. The solenoid consists of a hollow eylin- 
drical form on which is found a known number 
of turns of wire. The product of the number of 
turns of wire and the amperes of electrical cur- 
rent passing through the coil is a measure of the 
magnetizing force of the coil. In the 
primary circuit, two of these sole- 
hoids, each wound so that they pro- 
duce fields of equal Intensity, are 
connected with suitable instruments 
to regulate and vary the current, to 
vether with instruments to show 
various current and voltage values. 
Thus, the function of this primary 
circuit’ is) the production, control 
and variation of the magnetic field 
required by the testing engineer. 


Wound on sleeves which fit into 


and are centrally located wit 

solenoids are smaller coils. 

are the secondary or “searc! 

A view of two solenoids 

at the left; within each o 

smaller secondary coil. 1 

search coils are so connect 
their currents oppose each 

and in this secondary circuit 
indicating instrument (in th 
a multi-element oscillograp!| 
some suitable control inst 

An oscillograph is shown in the figure 

It consists essentially of a small sensitiy 
vanometer by means of which small val 
current or voltage may be measured. Att 
to the vibrator string of this galvanomet 
small mirror which is illuminated by an « 
bulb, or other light source. \ light bea 
flected hy this mirror is caught by a ser 
PMIrroOrs which are oscillated by Means 
synchronous motor. Variations in the 
being measured increase or decrease 
flection of the galvanometer in a= hori 
plane, and cause a corresponding deflect 
the rav of light, but the oscillating svnelu 
mirrors then separate these values in a \ 
plane, and the result is a spot of light 
travels In a wave form. This wave is s¢ 
the ground glass, pictured in the upper left 
section of the oscillograph box. Some way 
shown on page 1 


What is measured with the oscillo 


in Oscillograph 
T tnalyze the 

ences In Magnet 
duced In Stand 
ple and an U1 
Test Pie 
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is the rate of change of magnetic in- 
Since this method consists of a com- 
n the sense that a standard piece of 
s been placed in one coil and an un- 
vecimen in the other), and since the two 
v coils oppose each other in the circuit, 
form on the oscillograph is really a 
of the difference in the rate of change 
duced magnetism in the standard and 
of change of induced magnetism in the 


1 piece of metal. 


Magnetic Condition Visualized 


eoretically, then, if the induced magnet 
. both the standard and the specimen 
ed ata uniform rate throughout the entire 
le and were in phase we would have no cut 
owing to the galvanometer, and only a 
s! ht line of light would appear on the view 
‘lass or film. As the different conditions in 
steel specimen alter the rate of change of 
duced magnetism, various wave forms are 
wluced by the spot of light. The problem of 
etic Inspection, however, is not simple 
besides curve interpretation, the effect of 
ddy currents at times modifies the set scheme 
things. But these extenuating conditions are 
vradually modified as greater knowledge 
f them is being accumulated, and even now 
re are several commercial installations. 
Installations have been of two kinds. One 
sa laboratory installation in which either small 


intities of material are tested or research 


i Sel for Vagnett 
, and Inspection. 
nirol) equipment, 


iph and static in 


all in compact set 





work is carried on. (A compact equipment fot 


this purpose is shown in the figure.) The other 
kind is used in production and necessarily meets 
different conditions and so is more rugged in 
nature. This test method adapts itself chiefly 
to material of uniform cross sectional area such 
as rods, bars, pipe, tubes, sheet and strip, which 
can easily be threaded through the coils 

In practice a standard piece of the desired 
phvsical properties, free from defects, is placed 
in one of the coils. Then the material to be 
tested is run through the other coil and com 
pared to the standard section. Any variation 
from the standard will show on the oscillograph 
as a change in the shape or amplitude of the 
resulling wave. 

An instance of the value of magnetic an 
alvsis in detecting a difference in chemical com 
position is shown in the two oscillograms shown 
at the foot of the next page. 

A hundred or more bars of S.A... 2520 
became mixed with about 1500 bars of S.ALF. 
2512. The conventional method of rigidly sepa 
rating these bars would have been the long, 
tedious and costly chemical analysis of | the 
nickel content of each bar. Phev were, how 
ever, separated by magnetic analysis in less 
than three hours. 

Another instance where the separation ol 
material of different chemical analysis has been 
accomplished is in segregating S.A.E. 1020 tub 
ing from S.A.E. f130-N tubing. Both varicties 
are extensively used in aircraft: manufacture 
It is quite important in this industry that these 
two types of tubing do not become mixed, and 
magnetic analysis provides a quick test for 
checking anv admixture of stock Many othe 
instances could be cited where the separation 
of steels of different chemical analy 
SIS by thre Phau tic me thod has bye cn 
carried out, even to the separation 
of two steels whose analvsis dif 
fered only in the percentages of th 
minor constitucnts 

An oscillogram from mother 
installation, shown herewith. tnd 
cates a crack inoa bar when com 
pared to a standard known to lye 
free from detects Bit prt ncoteonnane 


rograph shows the crack which was 


found ain this) seetior ot thy baat 





lems which cannot be’ solved by 
analvsis methods, but there are som: 
probably be worked out successfull 
methods are improved and further 
work is done. 

At the present time each appli 
magnetic analysis is at first a researc] 
Experimental work must be performe: 
it can be stated whether or not, in its 

ate of development, the method ca 
cessfully applied to that particular prol 
more correlative data’ between the 
propertics and = the physical, struct 
chemical properties of steel are obta 
improvements made in the circuits, the 
field of application of magnetic analvsis 


Proved te doubtedly be broadened 
istBuSe 
fioning al 
Vicros 
/ raminatlt i 
1? Indistinguishabl 
By Rapid Tests, Give Un 
mistakable Indications 
When it was cul and etched, a crack that was so To the Mamnottc Testes 


small that it could not be perceived by visual 
inspection. 

Strip steel, to mention vet another type, Is 
being analvwzed magnetically on a commercial 
scale, 

One installation has been emploved in the 
analysis of the strip from which safety razor 
blades are made. This equipment detects dit 
ferences in carbon content, differences in hard 
hess and the presence of inclusions, notably 
carbide segregations \nother strip steel instal 
lation is successfully picking out laminations in 
the material. 

Magnetic analysis method has been applied 


successfully for inspecting butt welded tubes, 


picking out burned pipe and weak welds. Thi 


method explained ino this: article, and = othe 
methods as well, are being developed for the 
non-destructive testing of resistance and = are 
welded joints 

Other methods of magnetic analysis have 
been applied successfully to the Inspection of 
ball bearing races and to the cross links in auto 
mobile skid chains. 

It is obvious, therefore, that in its present 
state of development magnetic analvsis can be 
applied successfully to a number of steel prob- 


lems. There are also il nurmabs r of other prob- 
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Testing Steel for Forging a 





RODUCTION of quality drop forgings re- 
p*" s the procurement of sound steel free 
from anv defects that would endanger the ful- 
lillment of that aim. 

Steel, the raw material of the forge shop, is 


sually specified by the forge shop's customer. 


ertain of the motor car and aircraft companies 


irchase their own steel for their forgings, an 
vivantage both to the customer and_ to the 
forger. It enables the customer to be sure that 
the proper steel is used in making his forgings 


d also insures uniformity of the product as 


lar as the steel is concerned, especially of parts 
small forging plants which do not have a 
laboratory to check the analysis of steel as if 
mes from the mills. 
On the other hand, the drop forge com 
panies benefit by this arrangement because they 


Know that their competitors are using the same 





of Then, too, if 


steel at the same price. 
“ings are rejected, the large customer who 
ind supplies the material can sometimes 
plish more with the steel companies than 
average forge shop. 
hen the drop forger buys the steel, he 
Ss “forging quality.” which ensures a ma- 
that is best suited for his purpose. He is 
by the specifications from his customers, 


tains the analysis specified in billet sizes 





that meet the purpose for each individual type 
ol forging. 

When “forging quality” of steel is ordered, 
it is expected that the steel mill will furnish ma 
terial of good quality, free from anv defects that 
would cause rejection of the finished produc a 

In order to protect himself against defective 
materials, the drop forger must make a series of 
tests to make certain the material purchased 
meets the specified requirements. These tests 
are made upon receipt of the steel and com 
pleted before the material is released for pro 
duction, 

Three factors affect the forging quality of 
steel. Phey are, 1. Chemical composition 2 
Surface condition 3. Its abilitv to flow freely 
in all directions without rupture under pressure 
or impact. 

Responsibility for piped, seamy, and other 
wise unsound metal rests entirely with the steel 
maker. Piped steel is usually caused by trving 
to get too much vield trom the ingot Scams 
usually result from improper control of pout 
ing and rolling practice 

In the Great Lakes Forge plant all steel is 
carefully inspected L pon receipt of each heat 
of steel, the steel vard foreman it spects a mini 
mum of 20 bars for surface condition, size and 


multiples. If this inspection shows the material 
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if Top Are Sectioned Bars {f/f Center Are 
ktched for Porosity. Left 


is satisfactory; center is un O.K. fracture; 


Longitudinally. 


salisfactoru; right ts piped 


lo be defective he reports to the metallurgist, 
who in turn takes it up with the vendor and at 
the same time notifies the shop management 
that the steel in question cannot be depended 
upon for production, because it failed to pass 
this preliminary inspection. 

If the material is reported as being satisfac- 
tory by the steel vard foreman, the metallurgist 
approves the report and the laboratory proceeds 
with further tests. 

Incoming steel is piled in such a manner 
that drillings can be taken with a portable elec- 
tric drill. Each heat is piled separately and 
each size of a given heat is also segregated. A 
laboratory number accurately identifving the 
heat is assigned upon unloading. 


Bars are marked serially for identification 
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cates eff cl of surface seam 


if Bottom Is Upset Forg 
Left is the slug used: ce 


Bars Forged 

Top shows 

bottom indi qood upset test; right 
/ 


bursts from surface s 


as they are drilled. One ounce of drill 
taken from five bars at random from eac! 
for complete chemical analysis. About 
quarter ounce of drillings from 25‘. of | 
maiming bars is taken for carbon analvs 
the event the heat is a straight carbo 
Care is taken in this work so that drilli 
free from impurities such as dirt, cind 
oil. Drilling chips from the first) '<-in 
hole are discarded to eliminate the possib 
sampling decarbonized steel. 

If the heat is an alloy steel, a compl 
alvsis is made of the first five bars fro 
heat. and 25‘. of the remaining bars is 
quantitatively for carbon and qualitativ: 
nickel (in nickel and chromium-nicke! 


and qualitatively for chromium (in chr 


‘~ 


We 
bs \N 





vanadium steel). If these preliminary analyses 
show the steel to be within specification, the 
heats are approved for production as far as 
hemical analysis is concerned. [f the analyses 
show the steel is not within the specification, a 
'. analysis is made; the results are the basis 
either separation or rejection. 
fests most commonly emploved for inspect- 
the forging properties of a lot of steel are 
Pickling, forging and upsetting. 
Pickling tests are of two classes: (a) for 


lace defects, such as seams, laps and slivers, 


b) for internal defects, such as porosity, 


and segregation. Pickling to test for sur- 
defects consists of immersing short pieces 
ne steel bars or billets in hot dilute sulphuric 
for 15 min. The acid removes the mill 
and exposes to view and exaggerates any 
ice defects that may be hidden or filled with 
scale. 


For internal defects, some cross cuts and 
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longitudinal sections are examined by sawing 
and polishing samples from the bars and im 
mersing them for 30 min. in al to 1 solution of 
hydrochloric acid heated to 1o0) F 

forging tests are accomplished by heating 
short pieces of the bars and forging them along 
their longitudinal axis into a small bat Phes 
are then nicked and fractured. Minute pipe 
can be detected upon examination of this frac 
ture. Excessive pipe will cause the bar to burst 
in forging. Surface seams will open up and 
sometimes cause the bars to split. 

For upsetting tests, short pieces are heated 
and upset under a hammer. This test is more 
severe and readily shows up any phvsical a 
fects the piece may contain. 

More elaborate tests are emploved before 
making special forgings which demand maxi 
mum physical properties. For these tests the 
steel is submitted to specific methods of heat 


treatment. 
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Carburized Alloy Riwet Snaps 


N THE FABRICATION of structural steel 
work, as well as in general boilershop work, 
matic riveting snaps have always been a 


ce of trouble. The design of the tool itselt 


of such a nature that trouble would seem to 


inherent characteristic. Nevertheless at- 


mpts to alter the design appear only to result 


npairing the efficiency of the hammer or 

is the writer's experience. Consequently, 
ips continue to break in the neck and it ts 
epted as something unavoidable. 

Most manufacturers of tool steel have de 
oped alloys which are offered for pneumatic 
ips. and for which many claims are made. 

v of these steels are excellent and do all 
can be expected of them, provided the 
ts on which they are used do not exceed 
diameter. But when, as happened on the 
ev Harbor Bridge, the majority of the 
is are 1!) in. and 1', in. diameter, with an 
sional line of 1°%,-in. rivets with 9 <-in 
the results are far from satisfactory. 

\t this point it may be noted, for the benefit 

nerican readers, that this bridge is to pro 

railway, vehicular, and pedestrian traflic 
en Svdnev and its northern suburbs, a 


politan region of about 1,100,000) souls, 


heretofore divided by a deep and winding arm 
of the ocean, reaching miles inland The entire 
project, which includes extensive approaches 
and subway construction, is one of the major 
pieces of modern engineering the largest item 
being the arch itself. This has a span of 1,650 
ft.; it contains about 50.200 tons of steel work, 
and the contract was let at a cost of slightly 
over S20.000. 000, 

Phe contracting firm, Dorman, Long & Co., 
agreed to use Australian labor and material 
wherever practicable For this reason, exten 
sive and up-to-date fabrication shops (capablk 
of building individual members weighing as 
much as 120 tons) were erected at the water's 
edge near one abutment. Plates of both carbon 
and silicon structural grades up to 2!'x, in. thick 
were rolled in the Redcar Works, Whitby. 
England, but as much of the angles, channels, 
and other sections as could be supplied by 
Australian firms were rolled in the Common 
wealth. About 1.250 men have been engaged on 
the steel work under’ the supervision of 
Laurence Ennis, director of construction for the 
contractors to whom credit is due for many 


suggestions and encouragement in solving the 


probl ms to be hereafter described 











Tempering With Hot Plate 

as Recommended by Steel 

Vakers Gives Soft Shoulder 
Which Often Breaks 


[he situation confronting the heat treater 
in the workshops for the bridge was this: 

1. A special size of head had been adopted 
for all rivets. As shown in the sketch, all cups 
of the snaps were ', in. deeper than the British 
standard. This increased the absorption of heat 
from the rivets being driven, and after eight 
consecutive rivets of large size the snap would 
be hot enough to set fire to a rivet bag if drop 
ped on it.” For this reason, many of the alloy 
steels tried for snaps developed brittleness. 

Zz Inspection of the rivets by vovernment 

inspectors Was very severe, the consequence 
was that the riveters “dwelt” on each 
rivet much longer than usual in order 
to avoid rejects. 
5. The material used in construc 
tion of the large members was a high 
vrade silicon structural steel. Owing 
to its hardness, this plaved havoc with 
the edges of the cup on the snap when 
if got warm. 

!. The diameter of snap shanks 
( in.) remained the same for all 
sizes of rivets. 

the air pressure on the hammers 
was maintained at an average of 110 
Ib. jover No. 8O guns were used for 
the most part. 


At the commencement of the job, 


comparative tests were made with all t 
available in Australia. Straight carb 
were rejected at the outset as the CUPS s 
before any considerable quantity of riy 
been knocked down. Various water ha 
non-tempering allovs were also tried, 
was the highest total of L'<.-in. rivets di 
them before the shanks broke. Severa 
hardening vanadium alloys gave bette: 
but not enough to justify adoption 
meantime most of the tool steel manufa 
trading in New South Wales were s 
test snaps made and treated by themse! 
none of them were able to equal our 
sults. 

Choice fell finally on the chrome-t 
oil hardening group and ultimately a 
the following analysis was adopted. The 


ical data are as supplied by the manufa 


Carbon O=.58 to U.4o 
Manganese 20 max 
Silicon ipproximatel 
Chi iu 1.10 
Pungsten 2.2 


Heat treatment suggested by the mal 
this steel was to heat to the range 1 
1h&so) oF. and quench in oil; then tem 
heating from the center in a hot colla 
shown in the sketch) until brown-red 
point of the shank and blue or gray at U 


Vhis tempering practice was suggested 


Qjversized and ¢ 


Hleads ldded Dif 
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ikers without exception. 
iwtual practice, we estab- 
erv conclusively that the 


sults were obtained by us- 


high heat (1,830 .) for 
ng and afterwards tem- 
toa purple all over. The 


that the should 


ipered much lower in the 


shap 


(where it came in contact 
he hot plate) was the most 
il cause of breaking that we 
intered. 
or a litthe more than a year 

steel and this method of heat 

adhered to, and 


S000 


ny were 


rmances up to rivets 
snap were not unusual. Then, 


o reason that was apparent 


time, all of the new snaps 

to fail. Within afew 

ks the average was 3) rivets 
Shap No conscious varia- 

heat treatment had been 

de and the cause of the trouble 


s sought « lsewhere. 


ity this time the gun barrels 
e showing signs of wear. It 


iS suspected that slackness of 


inks was the cause of the trou- 


\s it was not possible to get 
Australia 
the 


barrels closed = in 


were ground out, and 


ink of the new snaps increased 


1 


made practically 
the 


installed 


htly to suit. This 


oticeable improvement in performances 


Furnaces were then fitted with 


ometers and a strict check of all heats was 
Tice 


steel 


taken, but this brought no improvement. 

dent treatment by the maker of the 
no better results, nor were they improved 

inv way by reasonable variations in the hard 
¥ or tempering heats. 

fractures showed 


It was observed that the 


nereased grain size as compared with th 
sinal samples of the steel, and also that the 
ips were coming through considerably softer, 
the file 


pled with the obvious increase in brittleness. 


disclosed by test. These things. 


is to conclude (in the absence of anv direct 


ratory tests) that the silicon content in the 
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steel was incorrect When it was suggested to 
the maker's representative that the silicon had 
been increased, he str nuously denied it, and 


adopted the 


ancient expedi nt of “blaming the 


heat treater.” 


An independent chemical analysis 


obtained wh 


the original 


the « 


lay aust 
ing cannot b 


By this 


Wiis thre 1} 


ich gave silicon 1.0 (in place of 
0.7 ) We still feel that) herein 
of the trouble, although this feel 


e detinitels prove dl 


, 
had is 


time the snap question 
sumed a very serious aspect and we were in the 
having to start all over again It 


position ol 
must be 


Australia an 


vet alterations made 


matter of at 


d to vel stee] from over-seas or t 
in its chemical content ts 
steels avail 


least six weeks Othe 


understood that no tool steel is made in 





Carbon 0.12% t 


Silicon 0.30° 
Manganese 0.30% t 
Sulphur 0.035 
Phosphorus 0.035 
Nickel 1.0% to 4 
Chromium 1.0 to 


Heat treating pi 
adopted for this ste ‘ 
been to carburize for 7 
1.690) F.. and cool is 
temove from box and 
regenerative quench 
1,620 F. Reheat and qu 
from 1400° F.. water | 
used for both quenches 

Carburizing material is 
an ordinary COMIC 
grade with hard wood « 
coal base. It was mixed 
the proportion of re 
-. used; average cost of 
terial was one penny 
snap. The average cas 
depth obtained was 

Carburizing boxes 
made of !»s-in. scrap. st 
plate, of a capacity to | 
21 snaps. The lids w 
made with a flange to fit o 
the sides of the box and wi 


sealed with fire-clay. | 





whole was turned ove! 


fore placing in the fur 


able on the spot had been tried at the com- The weight of the box was suflicient to kee] 
mencement of the job, and were not considered down on the lid and render it quite efficient 
satisfactory by any means. The only thing to a gas container. Average life of carbur! 
do was to attack this worrisome problem from a boxes was three months. 
different angle. 
After some thought the writer decided to Barium Chloride Coating Applied 
try the possibilities of a case hardened nickel 
| steel. Accordingly a dozen snaps were made In order to avoid sealing during healt 
| from a 3's‘. nickel steel. It is interesting to and thus retain the correct size in the sha 
record that several of the original 12 were in use the snaps were coated with a water solutio! 
fora vear! barium chloride. It was applied with a bi 
From then on various grades of nickel steel to the warm snap on removing it from the 
were tried and finally the chrome-nickel type burizing box. This method of protecting 
came in for consideration. The improvement surface proved very effective. 
’ shown by this type was so marked that ulti- Fifty-six rivet squads were thereafter k 
mately a steel of the following composition was supplied with all sizes of snaps made ol 
| adopted. (Again the analysis quoted is that chrome-nickel steel, and the estimated br 
supplied by the manufacturers.) age, at a liberal estimate, was 2 
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ssibly our most remarkable achievement 


Ey vhen the snaps for button heads were 


well when made of the original 
tungsten steel, snaps for countersunk 


vere never Wholly satisfactory, but after 


Ce " » the chrome-nickel case’ hardened 
aS ' v we did not have one break for a period 
al f 1S months! 

x vactically our only trouble in the early 
davs was the tendency of the point of the shank 
n lapse. This was overcome by chamfering 
h the point down to *y in. diameter, the same 
- R is the gun plunger. 


\part from the improved results obtained 

s from the snaps a remarkable saving in steel 
osts was effected. 

\hen the snaps have been in use on some 

wo rivets the cup edges show a slight burr. 

fhis is removed in the lathe and the snaps ars 


eturned to service. By the time 2.000 rivets 


‘ Harbor Bridge Was 
fed from Crawler 
es on Top Chord 


+ 





n with snaps for flat countersunk heads. 





have been put in, the snap becomes slightly 
shallow. They are then annealed, re-cupped 


and again carburized and hardened. 


Re-carburized Snaps Did Well 


Three re-cuppings is the average before the 
snap becomes unfit for further service and by 
that time they have put in upwards of 8,000 
rivets. In re-treating no attempt is made to 
contine the carburizing to the re-cupped end nor 
have any ill effects been noted from the re 
peated hardening. 

While the results described in these notes 
may be somewhat unorthodox, they represent 
something which was done to solve a real prob 
lem which was holding up a very important 
piece of bridge construction. Our resources 
were somewhat limited, but we feel that the 
ultimate solution was as good as could have 
been expected even though we did not have at 
our command facilities for the experimental 
work which would have been more than justi- 


fied by the size of the job in hand. 













Chromium Plating 





HROMIUM plating, as done by Ingersoll 

Rand Co. at the Phillipsburg (N.J.) plant, 
is controlled by the Metallurgical Department 
and its activities are directed exclusively toward 
the application of chromium to the surface ot 
metal objects for improving their resistance to 
abrasive wear. This class of work is known to 
the trade as “hard” plating, which does not 
mean that the chromium is any harder than 
When used for decorative or bright plating, but 
simply that it is applied to provide a hard sur- 
face. The objects plated include various parts 
which enter into the product manufactured and 
also many shop tools and fixtures. 

he customary residual thickness of plate is 
0.002 in. (“residual” meaning the thickness 
which is on the part when it goes into service). 
Sizing by grinding is usually necessary, and in 
such cases an additional thickness of 0.002 in. is 
applied. In a few parts the residual plate is as 
thick as 0.035 in. Compared to the few minutes 
required in bright plating, such thicknesses re 
quire long periods of time ——an hour (minimum) 
being required to deposit O.0OL in. on external 
surfaces, while as much as twice this time may 
be required for the lining of holes. 

Chromium plate is applied by us directly 
to the metal from which the article is made. 
Under-plates of copper and nickel (used in 
bright work) are omitted because they are con- 
sidered both unnecessary and undesirable: they 
are not required for bonding nor for finish and 


are undersirable because thev are soft. Chro 
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Technique 


mium is inherently brittle, although in mod 
thicknesses not as brittle as commonly s 
posed. However it is considered best to provid 
comparatively hard backing when local 
pressures of high intensity are likely to lx 
countered. For this reason if it had bee: 
tomary to harden a certain part, this hard 
is done even though the part is now plate dl 

A 


ticle to be plated insures a satisfactory fil 


good commercial grinding job on thi 
surface for most mechanical purposes. A 
factory bond sometimes requires mild s 
blasting of the ground surface, but even o! 
surfaces the plate is fairly bright if it is not 
than 0.001 in. thick. Heavier plates come 
the bath steel gray. In general, of cours 
plated surface is not as smooth as the s 
upon which it is laid. It is especially imp: 
that this fact be considered when parts d 
require grinding after plating. Even 
bright chromium plates, which feel smo 
they come from the bath, will cause mu: 
rapid wear on rubbing surfaces if the pl! 
lapped before being put into service I] 


plate be smooth and uniform is, of cours 
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ul the lustre usually associated with 
m plate is unnecessary. 
le considerable variation in thickness 
it be noticeable in thin decorative plate, 
haracteristic of electroplates that these 
is are accentuated as the time of plat- 
eases. Any marked tendency toward 
ity in rate of depositing of a heavy 
ould mean the addition of considerable 
the bath to insure sufficient chromium 
ts of slowest rate of deposition. 
insure a uniform rate of deposition we 
discarded the customary flat anodes, and 
forming anodes exclusively. Our equip- 
ind methods therefore create something 
differs considerably from the usual con- 
nm of electroplating. Instead of visualizing 
plating of an object as suspending it in an 
lectrolvtic solution tank by means of wires or 
voks, we more properly think of the operation 
s “setting up” the object as part of an electro- 
wchanical assembly and then making this a 
it of a larger assembly which includes the 
tank. Equipment and methods at Phillipsburg 
re such as to facilitate such operations. 
lhe plating plant consists of two independ- 
inits, the first one installed being a 100 gal., 
100 ampere, and the second 500) gal... 2.500 
umpere capacity. They are both United Chro- 
im outfits and each includes six tanks in the 


llowing order: 


Unit No. 2 6500 Gal 
Hot water rinse 
Alkali strip 

Alkali cleane! 


Cold water rinse 


Unit No. 1 (6100 Gal, 
Hot water rinse 
Chromic acid cleanet 
Alkali cleanet 

Cold water rinse 
Plater Plates 

Plater Chromic acid cleanet 


\ll tanks are of steel or Armeo iron. Plat- 


md chromic acid cleaner tanks have a kk ad 


lining and are provided with automatically con 
trolled steam coils giving a uniform temperature 
of 113° F. (45° C.).) This permits 24 hr. or “over 
week end” operation without the continuous 
presence of an attendant 

The intermediate rinse tank used to recove! 
solution drag-out in many bright plating plants 
has been purposely omitted since, due to th 
longer time required for the heavy plates, the 
chemical recovery would not justify the risk of 
contamination from re-used solutions, 

\n exhaust system is provided for th 
chromic acid cleaning and plating tanks and 
electrical connections are provided on all tanks 
except the rinses. Bus bars serve one end ot the 
small tanks and both ends of the large ones 
Spring clips are mounted on bus bars at tank 
ends to receive the “composite bus bar” span 
ning the tank and to which the work is sus 
pended. These composite bus bars are composed 
of three parallel bars to which work fixtures and 
anodes are bolted, work to center bar, and an 
odes (in halves if necessary) to the outside ones 
A close-up of this bar is shown in the figure. Thi 
receiving clips on the tank ends are so arranged 
that by merely lowering the loaded composit« 
bar into them the proper polarity is obtained 
that is, the work is made negative in plater and 
alkali cleaner, and charged positive in- thi 
chromic acid cleaner and strip. Air hoists of 
Ingersoll-Rand make are mounted on trolleys 
over each line of tanks to handle work 

A special voke bar has been devised for 
mounting two composite bars in tandem when 
long pieces are to be plated. Shorter voke bars 
are provided to supplement the strength of the 
composite bars when very heavy work is in thi 
tanks. The photographs taken just before clos 


ing the floor around the 500-gallon unit, show 


the piping and electrical details 


lold Fixtures Are 
/ From Central 
Bar. Conform 
les are held from 
fside (upper 


bars 
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Piping and Electrical Con- 
nections to 500-Gal. Tanks. 
View before replacing floor. 
Note spring clips on tank 
ends of proper polarity for 
recetving composite bus 
bar 
Shops are instructed to send only work 
which has been thoroughly cleaned to the 
plating room. <Any traces of rust are first 
removed with abrasive cloth and if any 
trace of grease remains, the parts are thor- 
oughly washed in gasoline. Cast iron or 
case hardened steel pieces are sandblasted. 

It is only after these preliminary op- 
erations that the parts are allowed to pass 
through the various cleaning operations 
which are a part of the plating procedure 
itself. In this manner the electric cleaners 
are contaminated very slowly. Blistering 
may be expected when work is not prop- 
erly cleaned. 

Following is the path of a typical steel 
job: After being mounted on the composite 
bus bar the work is first immersed in the 
electric alkali cleaner (at a temperature 
just under boiling) for approximately 15 
min. The tank acts as anode. Desired 
voltage is six, but it may be the same as 
that on other work in the plater at that 
time. If this voltage is low the time ts 
lengthened. 

Work is then rinsed in cold running water 
Pumice stone is used if necessary to remove 
“water breaks.” 

the anodes are then assembled, attached 
to the composite bar and placed in proper rela- 
tion to the work, care being exercised to pre- 
vent their rubbing over the cleaned surface to 
be plated. The entire assembly is then im- 
mersed in the chromic acid cleaner (at about 
sume temperature as the plater) for about 3 min. 
Here the work is made anodic (positive) and 
the voltage is usually the same as for plating. 

From the chromic acid cleaner the work 
voes directly to the plater without water rinsing. 
In adding to a previous plate about 20 min. is 
used in building up to the plating voltage, other- 
wise the full plating voltage is applied imme- 
diately. 

After plating the work is given a cold water 


rinse. Large work is dried by a hot water rinse; 
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small pieces are carefully dried) in 


| 





i\\ 


Finished work which is only plated | 


(for instance, 


built up) is given 


a steel 


shaft having 


W 


i 


a dip in the hot alkal 


instead of being dried, and not rinsed, s 


prevent 
minus 


cleaned 


reaching the plating tank. 


venient 


tion to work holding devices. 


rust 
rinse, 


whicl 


way 


on unplated portions. 


is also 


used for wol k 


» must wait several hours 


of furnishing 


temporary 


is rinsed in water before being placed 


chromic acid cleaner. 


al 


It is also a vet 


i 


Work so tt 


Anodes are of a great variety of shap: 


sizes, although the largest percentage are 


drical. 


They vary in diameter from 


in., and in length up to 48 in. 


Considerable thought has been given 


details 


vidity, 


of construction in order to 


current 


STL I 


carrving capac! 
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action. They are all fabri- 


ited on the premises of commercial sheet lead 
md '<-in.) and pipe. This is much easier to 
rk than the 6°. antimonial lead and it re 
deterioration satisfactorily. Some cylin- 
il anodes 1 in. diameter by 1 in. long, made 
in. lead, have been used 300 hr. (150 two- 


r immersions) and are in excellent condi- 


Supporting straps of steel are encased to a 
inches above the solution level in_ ,\,-in. 
(lead. All lead joints are made by “burn 
with an oxv-acetyvlene torch. These burned 
Ss provide a liquid tight seal for protecting 
steel “backbone” and insure good conduc- 
between anode and strap. 
\bout the only problem = arising in the 
of flat anodes for plating flat surfaces is 
vide the proper “bulge” so the center of 


iode is nearer the work than at the edges 








in order to give uniform current density. A 
few cevlindrical anodes for such work as 
crankshafts must be made in halves, each 
half with a separate hanger. Others are 
made in two parts so as to permit “closing 
in” to accommodate various diameters. 

One type of anode has the straps 
burned on, while the other consists of a 
split evlinder with current carrying strips 
of lead burned on. The latter type is sup 
ported in separate lead-sheathed hangers 
with hook ends. By using different hangers 
this tvpe may be used vertically, horizon 
tally or at any angle. When used in multi 
ples to obtain length, one hanger supports 
the adjoining ends of a pair, thus reducing 
the number of hangers required. On all 
anodes of any appreciable area a number 
of small holes, about in. diameter, are 
burned in the surface to facilitate escape 
of gas. 

To insure maximum tank capacity and 
minimum anode cost it is obvious that the 
anode selected for a given job should be 
the one which gives the minimum spacing 
from anode to work. However, as_ the 
spacing decreases the variations in current 
density (and consequently thickness of 


plate due to slight inaccuracies in spac 


ing) are magnified. The spacing we use at 
Phillipsburg varies from “) in. on in 
external diameter work, to 1 in. on 6-in. di 


ameter or larger. These distances have been 
found satisfactory when used with anodes mad 
to a readily attainable degree of accuracy and 
set up with reasonable care 

It may be noted that at these spacings, 3.5 
to 4.5 volts are usually required to give the 2.5 
ampere per sq.in. at which the steel is usually 
current density, of COUTSE, 


plated Lowel! 


means slower plating. Excessive current den 
sity results in a rough and non-adherent plat 
such as shown in the figure on page 5&8. Sand 
blasted surfaces require a slightly higher volt 
age, especially in starting. Cast iron is usually 
run at 4 amperes per sq.in. 

For long cylindrical pieces plated horizon 
tally a narrower spacing than customary is 
sometimes used to prevent pitting along the 
bottom. Suflicient circulation of solution is in 


duced by this means to wash away the gas bub 
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bles which form along the bottom of the work. 
Anode 


when plating up to a shoulder or face by turn- 


spacing is sometimes decreased 
ing its edges inward to counteract “robbing” by 
the face. 


Work ol 


rolled steel members fastened together by bolts. 


racks consist assemblies of cold 
This part of the equipment corresponds in prin- 
ciple to the familiar “Mecanno”™ sets for boys. 
Being always used on the cathode side of the 
circuit, these racks need no protective covering. 


Due to the slight frost of chromium deposited 


lvoidable D fects, 
lf right the plate 
blistered because 
the steel SuUTrsLace 
was improperly 
cleaned, In the cen 
fer is a rough, non 
adherent plate due 
le CTCCSSUVC eur 
rent density, Nolte 
the “tree” at end 
if deft are grind 


ing checks 
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Fixture for Plating 
1 pair ts held bet 
and li 


per wel 


upon them they usually do not rust. Steel 
the to be 


an electrical circuit in a process which req 


course, not best material US@E 


considerable current. However, the cross 


tions required for mechanical rigidity 


usually greater than required electrically 
Setting up consists of bolting the 
racks to the composite bus bars, bolti 


As 


work in place and fitting the anodes 
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fore, the latter are not actually fas- 
place until the work assembly has been 
kali cleaner. The surface to be plated 
a vertical plane whenever possible, 


this position it is easier to get rid of the 


iv portion of the work within effective 

the anodes is not to be plated, it is pro- 

vith lacquer or with sheet lead. If lac- 
used it is applied after electric alkali 
Since lead shields need not be liquid- 

such protection is usually a piece of sheet 

id wrapped about the work (wired in place if 
essary). For Keyways a piece of lead sheet 
s hammered or pushed into place. Where the 


se of lead is impracticable, lacquer is resorted 


Production fixtures are two kinds (a) thos 
plating a number of similar parts at the 

same time and (5) those for plating a numbet 
dentical parts. 

In the first class come the special racks for 
lding miscellaneous gages and = shafts. <A 
riety of anodes is provided, several of each 

size in quite a range. 

For handling large quantities of identical 

Is « mposite fixtures are constructed. Iwo 

! these are shown in the illustrations. Some of 
ese have capacities of 200 pieces. Phey con- 
sist of multiple work-holders and anodes, so ar 
ranged as to permit assembly to the composite 

is bar as a unit. Sometimes they are of the 


single purpose type, but when possible they aré 


lt so that by insertion of spacers or by othe: 


r adjustments more than one job may be 


rly Made Chromium 
/ pen as This k as 
Is Ni f Brittle Un 


yer Blows 


plated. For instance, pins of various lengths 
may be plated in a fixture such as the one shown 
on the top of thre opposil pure. 

Special attention is given to provide for 
rapid loading and unloading. Spring actuated 
work holders are used whenever possible. 

Some of the anodes are fixed in position 
they are not removed from the composite bus 
bar. In these the work-rack assembly and thy 
work is positioned with reference to the anodes 
instead of vice versa 

In another type, such as shown on page oS 
the anodes raise as a unit to clear the work, 
and then lower into plating position after the 
fixture has been reloaded. These are used on 
jobs where electric alkali cleaning may be 
omitted. If this cleaning is necessary, the raised 
position is such as to bring the anodes above the 
solution level. When the weight of the anodes 
is suflicient to justify such an arrangement, the 
anodes are arranged for raising and lowering 
with the air hoists. 

In all designs efforts are made to insure 
uniform current distribution and a minimum 
loss of chromium by useless deposition upon the 
fixture. Joints which come below solution level 
are made by welding wherever practicable 

Referring to the half tone A indicates the 
anodes, burned to anods bar Bh. these are in 
the raised position, « learing the work. ©, © are 
work holding cups, the upper being spring 
loaded, the lower being adjustable for different 
length work bv a long thread and double nut 
)), DD are two pric ces lo bye plated, re ady lo bye ith 
serted between © ©; b, E represents a pair in 
place. Flexible wires, to insure uniform distri 
bution of current, may be seen soldered to the 


top ends of the vertical work-holding plungers 


Phe usual amount of (Cont. on page 102 








Assistant Vice President 
National Tube Co 


Tubing 





of various sizes and alloys 


KAMLESS tubes have some outstanding It might be of interest to give her 
differences from tubes produced by other idea as to the physical properti s to be « 

methods of manufacture. lirst is the obvious from hot finished seamless tubs 4 In Gey] 
fact that the tube is without seam or weld at can be said that for the same carbon cont 
any point, thus assuring a product of homogene analysis, the physical properties of tubula 
ous section throughout. Second is the fact that terial will correspond in general with th 
none of the other processes Now used permit equivalent solid rolled or forged sections 
of the variation in choice of analyses and physi- only variable which alters this compat 
cal properties of material anv degree is due to the fact that the Sit 

In general the lap and butt weld processes diameter permits air to circulate and thus 
are almost completely confined to low carbon faster than a solid section does. \s mis 
material in the range of O.O8 to 0.12 carbon. expected, a direct measure of this variabl 
Phe later-dayv electric welding processes have be found by considering the wall thickness 
sometimes permitted carbons running as high In this connection refer to the first dia 
as 0.505 and even slightly more. In the seam which shows the effect of wall thickness o 
less process no such restrictions exist. Mate physical properties. It shows the relat! 
rial is being fabricated today into seamless increasing wall thickness plotted agains 
tubing with carbon content ranging from 0.10 percentage change in tensile strength and f 
to 0.605 and even 0.70). In addition to this, point. Physical properties for each wall | 
a large range of alloys is now available, not only ness are referred to those of a tube with 
in the usual S.A.E. steels but also the stainless wall as 100 
allovs which are capable of being made into Pubing which was tested to get the dat 
tubing by this method. Considerable quantities this diagram had the following analysis 
of 18’. chromium &‘« nickel tubing, as well as bon 0.30 to O40, manganese O40 to 0 
some of the intermediate grades of chromium sulphur under 0.045'°), and phosphorus 
steels, going as low as 1 to 6° chromium, are 0.01). The average tensile properties ot 
being quite widely used in the oil cracking and a hot rolled seamless tube with 0.125-1n 
refinery processes. will be: Tensile strength, 77,000 Ib. per s 
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with 0.125 “wall 
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t, SO.000 Tb. per 
ind reduction of 
matter is of im] 
realized that th 
ble 


ope rties of 


importance 
a tu 
t is realized, hov 
knesses from !x, 


on. and that such 


sq.in.; elongation in 2 


area, 3) 

vortance, for it Is not 

e wall thickness is of 
in determining the 
be of given composi- 

vever, that a range of 


all 


a range bears a very 


to °.s in. Is not at 


relation to a range in bar stock of from 


diameter, this qt 


properties can bye 


iestion of variation in 


» better appreciated. 


n the figure it is seen that the effect of a 


inge in wall 


thickness on tensile 


is greater for the light walls, and be 


icss effective us th 


This sam 


SIZCS. 


e walls approach the 


e tendency is shown 


spect to the vield point, but the chang 


sreater than in 


the tensile strength 


s borne out by general experience in heat 


nt and annealing; 


| 


S 


S( 


lic ratio very gre 
s the ratio. The 


quenching increases 


‘atly while annealing 


thin-walled tube can 


sidered as having had an air quench with 


| 


8 


3 
S 


0) the slower cool 


the heavier wall 


ing (similar to an an 


section. 


Os 04 Qs 


Wall Thickness of Tube in Inches 





While such hot finished material does not 
permit one to choose physical properties that 
can be obtained in cold drawn material, it 


would probably be well here to LIVE SON idea 
as to the physicals that can be obtained from the 
former. As has just been shown, they will vary 
to a certain extent depending upon the tubular 
However, eliminating this variable and 


tube of the 


section 


normal size, following 


taking a 


physical properties will obtain for the analysis 


viven 

Soft grade 0.10 to 0.20 carbon, conform 
ing to S.A.E. 1015, in the as-rolled condition will 
have an average ultimate strength of 55,000 Ib 
per sq.in., a vield point of 35,000 Ib. per sq.in 
and an elongation of 10 in 21n 

Medium grade, 0.20 to 0.30 carbon, o1 
S.AL.E. 1025, will have an ultimate strength of 
approximately 60,000 Ib. per sq.in., a vield point 
of 37.000) Ib per sq.in. and an elongation. of 
3O in 2 1n. 

Medium hard grade, S.A.E. 1035, or 0.30 to 
O.40°. carbon, can meet an ultimate strength of 
70,000 Ib. a vield point of 10.000 Tb. and an 
clongation of 30 in 21n 


Medium Manganese Tubes for Strength 


these carbon contents 


It will be 


do not furnish the 


noted that 


maximum physicals that ar 
Line pip lt 
Nationa! 


al 


for some uses, such as 


desirable 
Was thre retore 


Pubs ( - 


found expedi nt bw the 


this mcrease ad 


ol 


in order to meet 


mand and vet climinate any the detrimental 


effects of carbon on the weld 


lhe properties, mad ise te 


mamtamn ' maximum ol 
ductility in the material, to 
substitute manganese for the 
carbon With this combina 
tion a range ol phvsical 
properties without anv detri 
mental effects on the welding 
can be readily obtained 
lor example, by the 

dicious use of manganese, the 
physical properties of S.A. 
1030 can be obtained with a 
carbon content of approxi 
mately 0.20 \ definite 
crease imsthe nanvanese 








Pointed End of Tube 
Is Thrust) Through 
Drie Vandrel Fived 
Inside Grips 7 
usted Hooked 
Into Endless Chatn, 
Which Draws Tube 

Slightly Smaller 


and 


Dine nmSions 


content with only a slight increase in carbon 


produces material with tensile strength aver- 
aging in the neighborhood of 70,000 to 80,000 Tb. 


per sq.in. At the present time, we do not recom 


mend the use of higher carbon than 0.35°, 
when the joints are to be made by welding. 


However, as the ability to weld higher carbon 
content material is developed, it will be possible 
to manufacture material with much higher ten 
sile strength. This is in fact now being done in 
drill pipe and casing, where tensile strengths of 
95,000 to 100,000 Ib. per sq.in. are common. 
The development and the availability of 
such material with high physical properties has, 
in our opinion, created a= situation of which 
cognizance must be taken shortly if the benefits 
which are derived from the use of such material 
are to be retained. I refer to the tendency to 
decrease the thickness of the pipe wall and de- 
pend upon the higher tensile strength for serv- 
ice. This is dangerous, in our opinion, as the 
resistance to oxidation or corrosion is more or 
a function of the wall thickness rather than 


{ ndoubtedly the 


less 


tensile strength. next few 


vears will find considerable replacements being 


made in a number of the lines with very light 


walls which have so far I 


thai 


thickness of 
There is, of course, the answet 
We will take care ol such a condition 
ever, to our knowledge there has not bi 
veloped at the present time a coating 
ficient permanence and efficiency to | 
This contention 


that at the 


corrosion absolutely. 
out when it is remembered 
time nearly all parties interested in lor 
lines are searching for a permanent and « 
coating. 
the permanence of a line is going to di pe 
siderably upon the thickness of the pip 
and engineers in designing such lines 
expend too much thought in determin 


economical thickness which should bye 


18-8 vs. 6% Chromium Tube 


the allov si! 


Passing on to some of 
would probably be interesting to give s 
the 


them with reference particularly to the 


physical properties to be 


less” variety. The alloy being most g 


used at present to resist corrosion aro 


refineries contains 18' chromium al 
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Until a perfect coating is dev 


obtained 











vith a very low carbon content. This 
tul naterial as furnished, heat treated, will 
sroximately the following physical prop- 
Ultimate strength, 85,000 Ib. per sq.in.; 


int, 35,000 Ib. per sq.in.; elongation, 50 


steel, being austenitic, possesses some 
iluable properties. In spite of its high 
ns value, it may be fabricated cold to al- 
e same extent as a mild carbon steel. It 
st be borne in mind, however, that the in- 
reased tensile strength requires additional 
wer for manipulation. 

Particular properties of this material which 
recommend it most readily to the oil cracking 
ndustrv, are first, its resistance to corrosion: 
second, its resistance to oxidation; and third, 
is strength at high temperatures. 

\n idea of its strength at high temperatures 
s verv readily gained by referring to tests 
which indicate that this material has a “creep 
strength” in the neighborhood of 14,000 to 15,000 
lb. per sq.in. at 10000 PF. as against about 3,000 
lb. per sq.in. at the same temperature for mild 
bon steel. These strengths are the loads 
hich produce an elongation of 1‘. in 100,000 


So far, 18‘ 


chromium &‘~ nickel is the only 
ilvsis of the stainless variety that has shown 

tself adaptable to use in high temperature serv- 
e, since the plain high chromium steels are 

subject to embrittlement at certain ranges. 

\ somewhat more recent development in 
iis line has been a low chromium steel (ap- 
proximately 4 to 6°). Being of lower price 
ind stiil exhibiting increased resistance to cor- 
rosion, it is beginning to find considerable favor. 

some respect this steel is a very attractive 
possessing air hardening properties and 
nsequently a wide range in physical proper- 
lt has usually been found advantageous to 
the carbon content of this low chromium 
Sis to 0.205) or 0.255. at most, on account 
s Influence on the air hardening properties. 
e use of an annealing process it is possible 
ry the properties of tto6%. chromium steel 
carbon O15' maximum, from about 
to 65,000 Ib. per sq.in. ultimate strength 
igh as 125,000 or even 150,000 Ib. per sq.in. 
higher physical properties are, of course, 


Ways retained in service, especially where 





such service is of a high temperature nature, 
as the effect of temperature over a period of 
time is to anneal the tube and reduce the prop- 
erties to that of a soft annealed one in the neigh 
borhood of 60.000 to 65.000) Lb. per sq.in. 

While complete experimental work has not 
as vel been completed on this steel, it may be 
said from preliminary data that its resistance 
to oxidation is better than that of mild steel, and 
it has a slightly higher tensile strength at el 
vated te mperatures., Its resistance to corrosion 
is in the neighborhood of three to eight times 
that of mild carbon steel depending, of course, 
on the conditions of the service. 

It is unnecessary to dwell much upon tubes 
made of the regular S.A.1 


itv of them are used after heat treatment and 


stec Is. iis thre mayor 


the properties of such material in the tubulat 
form corresponds very closely to that of thi 
solid section. 

Pass now into the second class of tubular 
products, known as cold drawn tubing. We will 
assume that it is desired to produce from. th 
hot finished tube as delivered to the cooling 
table a cold drawn tube of some smaller cross 
sectional area, or of closer diameter tolerances, 
or a better surface finish. This is accomplished 
by drawing the tube through a die somewhat 
smaller than the diameter of the original tube. 
Phe sketch on page 62 illustrates the rela 
tion of the tube in the die. A mandrel is not al 
wavs used, but if one is used its size is such 
that the space between the die and the mandrel 
is less than the wall thickness of the tube to be 
drawn. When the tube is drawn through the 
die under these conditions it is apparent, of 
course, that the wall thickness as well as the 
outside diameter of the tube is reduced 

Before cold drawing the tube must be 
pointed on one end in order that’ suflicient 
length of reduced diameter miay « xtend be vond 
the die to permit the pliers of the bench to se 
cure sufficient grip to draw the remainder of the 
tube through the die and over the mandrel. 
Following the porting, the tube is sent to the 
pickle tubs where all scale adhering to the tubs 
is carefully removed. It is then rinsed in water 
to eliminate the acid. Next it is dipped in a 
lubricant, the purpose of which is to reduce 
friction and prevent metal-to-metal contact be 


tween the tube and the die on one side and thy 








tube and the mandrel, if used, on the other. 

Actual drawing of the tube is done by 
means of the draw bench chains and the pliers, 
or grips, which can be hooked into the chain 


after they have grasped the point of the tube. 
It is accomplished at a speed varving from 25 to 
60 ft. per min., and the reduction in cross sec 


tional area for one pass may vary up to 50 


Cold drawing a seamless tube section is a much 
more diflicult operation than drawing a solid 
section, such as wire or shafting, owing to the 
fact that the 


plications in 


internal surface introduces com 
the 


pickling and lubrication. It is 


matter of proper cleaning, 


also an addi- 


tional friction surface when a mandrel is used. 


from these remarks, which indicate in a 


measure the amount of work done in the process 
of cold drawing, it is apparent that a tube after 


>? 


drawing possesses considerable mechanical 
hardness, almost directly proportional to the re- 
duction of area resulting ffom the cold draw 
pass. As a desired size of cold drawn tube in 
the smaller diameter cannot be reduced in one 
hot 


tube, a number of cold draw passes are often 


pass from the original 1's or 2-in. rolled 


necessary. Owing to the mechanical hardness 
resulting from the preceding pass it is necessary 
to anneal the tube after each pass. In general, 
temperatures of 1,300 to 1,500° F. are employed 
for such annealing. 


[wo types of furnaces are used. The most 
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common type, which is used on mat 


atively heavy in cross section, is of 

fire type in which the work is exposed 
to the flame. The second is a specially 
electric furnace with accurate temperat 
trol. 


is known as retort annealing, in which | 


A further modification of such a 


are placed in a cylindrical container 
ends sealed to prevent the ingress of 
minimizing surface oxidation. This n 
especially applicable and desirable on ti 


soft annealed material. 


Cold drawn material is for the mi: 
termed “mechanical tubing.” which t 


the various 


itself 


cludes tubing used for all of 


cations where the tube lends 


construction. of machine 


Lhe 


desirable 


machinery or 
tubing n 


stiffine Ss 


annular cross section of 


because of its great 


strength as compared with an equivale: 


be CAUSé 


thr a 


be desirable 


itself to 


section, it may 


ticular cross section lends 
in question, or it may be that the use of a! 
section will reduce or eliminate the mac! 
required to adopt a solid section to a giv 
The chief market for such mechanical tul 
in the automobile industry, the reason be 
course that in this industry a manxin 
strength and a minimum of weight are ess 
the 


characteristic ol 


Likewise intensive production, wh 


this industry, demands 
materials which can be bought to accur 
and be fabricated with little or no machi 
It is not intended to discuss here in « 
the properties of such cold drawn 
products, but it is of interest to mi 
the accuracy of size and various p 
ties of tubing which may be exp: 


commercial production 


Tolerances in Mechanical Tubing 


Hot rolled tubing can be produ 


the smaller sizes (that is, from 2 
diameter) with a tolerance ot in 
This varial 


the 


outside diameter. 


is less than usual pra¢ 


course 
ordinary pipe, and applies only 
rolled mechanical tubes when spec 
suflicient quantities to permit the 


ment of equipment to meet thes 
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ser sizes of hot rolled mechanical tube 
produced with an outside tolerance of 
in.. depending on the size and the 
When the wall of the tube becomes rel- 
light in proportion to the diameter, dif- 
is encountered due to ovalitvy§ which 
from straightening and handling. 
rface conditions of hot finished tubes are 
able with the surfaces of any similar hot 
d product. 
liameters of a cold drawn tube, both insid¢ 
tside, can be controlled within very close 
On tubes having 1'. in. outside diam- 
d smaller, a maximum variation of 0.005 
iv be expected in the hard drawn, or semi- 
tiled condition. This variation increases 
increasing diameter until at 5 in. outside 


( eter the maximum variation on hard 


lrawn material would be about 0.015 in. 


Surface Conditions 


fhe surface of a cold drawn tube is much 
smoother than a hot finished tube and is com- 
rable with the surface of any other cold 
drawn steel product. Cold drawn material 
ds itself particularly to those requirements 
vhere the tonnage is not great and surface ap- 
pearance and extreme accuracy of size are im- 
rtant. 
\dditional possibilities are afforded in cold 
drawn as compared with hot rolled tube in the 
tter of physical properties; within limits the 
physical properties of a given cold drawn tube 
iv be varied by the degree to which the 
hanical hardness of cold drawing is elimi 
din the final annealing operation. When 
physical properties of cold drawn seamless 
“ are In question, the factors which must 
iken into consideration are: The analysis, 
mmount of cold work on the tube, and the 
t to which the effects of cold work ars 
nated in the final annealing operation. 
One diagram on page 64 illustrates in a 
il way the change in the physical prope 
fa 030° carbon tube, beginning with the 
led condition and followed by various 
its of cold working (as measured by thi 
tage of reduction of the section in draw 
Che properties of the metal in the hot 


condition may be considered as normal 








It will be noted that hardness, as measured by 
the vield point and tensile strength, increases 


with increasit cold work and that there is a 


as 
1g 


corresponding decrease in the ductility as meas- 


ured by elongation and reduction of area 


Annealing Reduces Strength 


The diagram below illustrates the effect of 


various annealing temperatures on the physi 


cal properties of the cold drawn tube In this 
particular instance a 0.30 carbon tube with 
0.125-in. wall which has had about 45‘. reduc 


tion in cold drawing is illustrated, the curve be 
ing the product of a large number of tests. At 
200° C. an appreciable relieving of the hardness 
has resulted, and at 600° C. a= still further 
change is produced. From 700 to 900° C. the 
change in physical properties is slight compared 
with the change produced at lower tempera 
tures. Recrystallization of cold worked steel 
begins in the neighborhood of 400° C. (750) F.) 
and this recrystallization is accompanied by the 
destruction of the effect of cold working, bring 
ing about a gradual restoration of the original 
properties as found in the hot rolled tube. <A 
series of microphotographs is shown in a Data 
Sheet on page 83 which definitely indicates the 
effect of cold work on the grain structure, and 


the effect of annealing on this structure 


innealing Beyond 925 fr. 
900 f Causes Ree rustal 
lization and a Varked 
Change In Tensile Propet 
fies. See micros on 


pade 3 
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IN VIEW of his profes- 


l nexplained ; 
sional eminence one may 


Failures a 


Brake om 


Progress 


accept the views of Mr. 
Steinman, expressed in the 
leading article in this is- 
sue, as representative of the 
progressive and successful bridge engineers in 
this country. He has not been timid about using 
high strength and even heat treated steels in his 
designs. Consequently, it would be well if metal 
men would study his remarks about the respon- 
sibility a producer must be prepared to accept 
in the shape of a guarantee for the safe per- 
formance of a new alloy or advanced heat treat- 
ment proposed for use in big bridges. 

Steel producers will gag on this new re- 
quirement. They have been asked to conform 
to this and to that specification, apparently of 
little or no significance, but seldom if ever have 
they been asked to insure a structure against 
failure of the metal in it. Frequently sheets are 
bought “capable of stamping into certain 
shapes,” but inability to perform is known as 
soon as the press starts working, and the steel 
maker's responsibility is limited to replacing or 
issuing credit for the unsatisfactory metal. This 
is sometimes bad enough, but now it appears 
that a firm in the metal trade which recom- 
mends a new alloy or a new joining method will 
be asked to put up a bond for its satisfactory 
performance after it gets into the structure. 

Assuming that Mr. Steinman’s views are the 
views of his profession, we are facing a stag- 
nant future. Only in the rarest of instances will 
the promoter of a new material stand to gain so 
ich by its adoption as an essential element in 
big structure that he could afford to pay the 
surance premium. We will have to wait until 


me structure must be built so big that stand- 


NE, 1931 








a I 


ardized materials are clearly inadequate, and 
the builders and owners will either be forced to 
assume the responsibility of an innovation, or 
else abandon the project. 
tructural engineers are more than usually 

shy of anything but the “old reliables” be 
cause they remember vividly the expensive fail 
ure of a highly recommended metal during the 
recent erection of two important suspension 
bridges. Fortunately, the trouble was discov 
ered before either bridge had been completed 
and consequently a major disaster and loss of 
life were avoided. Fortunately also, a friendly 
agreement was reached as to the distribution of 
the costs of dismantling and re-erection, but 
even so the financial loss was reported to be on 
the order of $2,000,000. 

rruly an expensive experiment, not soon t 
be repeated! 

Nevertheless, it is apparent that a stalemat 
will exist in the development of new and im 
portant structural materials until a clear ex 
planation of the cause of this trouble is forth 
coming. Until we know why the heat treated 
bridge wire first erected in the Mt. Hope Bay and 
Ambassador (Detroit-Windsor) bridges devel 
oped brittle breaks at the anchor shoes and 
under the suspender clamps, despite the fact 
that routine testing of each length of wire failed 
to indicate brittleness, all heat treated material 
will be suspect. The only safe course will be to 
try nothing new. 

A quantity of the unsatisfactory wire has 
been at the Bureau of Standards since 1929, and 
eventually a report of an investigation on its 
properties will be made. So a lengthy and d 
tailed discussion of the facts already known to 


the engineering public would be premature 
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Enough is known, however, to indicate which of 
the many explanations advanced of the failure 
are improbable, and which strike near the truth. 
A simple statement of these conclusions may be 
useful in clearing many useful materials from 


Suspicion, 


N° radical changes in bridge design or erec- 

tion procedure were made at Mt. Hope or 
Detroit except that heat treated wire was sub- 
stituted for cold drawn wire. Every length of 
this heat treated wire passed specified tests with 
flying colors, and on the returns was accepted by 
six eminent consultants as superior to the con- 
ventional cold drawn wire. Months later, when 
the Mt. Hope bridge was nearing completion, 
fractures were observed at the anchorage shoes, 
and increased in number so rapidly that a col- 
lapse was narrowly averted! 

The broken wires in both bridges occurred 
where the wire was bent into a loop about the 
anchorage shoe, or under the edge of suspender 
Fractures were localized. Therefore, 
to 


quality, too rare to escape the routine tests. 


clamps. 


they were not due accidental variations in 


Sporadic faults cannot be conceived as finding 


themselves, several hundred times, at these 


precise locations in the bridges. 

This rules out all such suppositious causes 
of failure as abuse during erection, defects in 
the microstructure, occasional 


steel, variable 


surface imperfections, hydrogen — brittleness, 


pickling cracks or accidental variations in any 
in the wire 


quality. The trouble was inherent 


us made every inch of it. 

It is improbable that this inherent unsuit- 
ability was due, as has been suggested, to the 
fact that the wire was basic steel made in a dis- 


tant plant (rather than acid steel made under 


controlled conditions) or that any of the more 
or less unconventional practices used in its 
manufacture resulted in) underdrawing, over- 


heating, grain growth, or others of the variety 
Such defects 


in 


of ills which beset wire makers. 


would either cause much trouble manufac- 


ture, or should have had an unmistakable effect 


on the tension, bending and torsion tests. 
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Certainly the effects of the heat trea 
did not evaporate between mill and site. B: 
ends from the bridge, when tested, showe 
rect strength and ductility. Analysis o/ 
stresses and examination of the fractured 
faces prove that the wires were not overstr 
nor did they fail from fatigue or cyclic str 
ee the presence of broken wires 


dicates that they carried loads too great 


them to endure. 


These stresses occurred where the wire hay 


been bent to such a radius that the oute: 


ments of the curve were stretched beyond 
elastic limit, and to this unrelieved overst: 
was added a slowly increasing direct stress 


tension as the bridge was gradually constructe: 


It is probable that heat treated eutectoid steel is 


brittle under such creeping stresses. 


We know enough about springs to knoy 


that heat treated eutectoid steel can be by 


} 


quickly far beyond the elastic limit, and curled 


into a pigtail. 


heavy stresses varying with great rapidity. | 


In valve springs they will tak 


closely wound clock springs, they carry quies 


cent overstrain successfully. But overstrain 


slowly increasing intensity, such as is met in t! 
construction of a suspension bridge, was a 1 


condition which it could not resist. A stress | 


which cold drawn bridge wire can adjust its 


without ado caused the same steel, when li 


treated, to crack square across. 


Galvanizing the surface undoubtedly tu 


The / 


coating is none too ductile; the underlying 2 


sified this brittleness under creep. 


iron transitional alloy is notably brittle and | 


“bite” of cleaning acid and alloving m 
roughened the unaffected steel core. A br 


case Or a rough surface are well known aces 
ators of brittle fractures. 

But it is very probable that the real trou 
lay in the inability of the heat treated metal! 
vield internally and relieve localized overst 
This caused the outer circumference of the 
at sharp bends to be stretched bevond its 
mate strength at that element, and a crack 


start at the surface, whereupon the microst! 
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is incapable of stopping the crack once it 
tarted. 
Vhether or not quenched and tempered 
toid steel, wholly free from inclusions and 
R ration, with absolutely correct microstruc- 
id a perfectly smooth surface can with- 
stand creep stresses beyond the elastic limit. is 
ademic question, for such wire never will 


made. 


he late J. E. Howard sometimes spoke in 
words which did not possess that rigid pre- 
sion dear to scientists. But he knew his 
metals. He once said, in commenting on the 
trustworthiness of wrought iron, that a crystal- 
ine metal does not retain its toughness at the 
root of a crack, while a fibrous metal does. 
Phat tells the story of why heat treated wire 
is impossible for suspension bridges, while cold 


drawn wire is wonderful. 


AT THE National Air- 


craft Show, several plane 


Fi. ver Planes 
Made of Meal 
R ea d y fo r 


) . 
Production the dollars which the 


manufacturers indicated 
an intention to go after 
average man spends for 
transportation. A half dozen or so airplanes 
were exhibited which sell for less than $2000, 
thus being competitive with medium priced 
tulomobiles. In higher priced fields, the man 
vho wants an airplane of his own can choose 
from a much larger number. 
lt is significant that almost all of these in- 
expensive planes are of metal construction in 
the fuselage, wing and tail structures and at 
ist one is an all-metal ship. 
Low fabrication cost is undoubtedly one 
{reat factor in the rising popularity of steel tub- 
and duralumin. Public preference is an- 
er. Aircraft engineers say that it is more 
ensive to build a wing section of wood or 
vood than it is to use rolled duralumin sec- 


s when you can get into mass production, 


> 
thy. . . , . 
that these costs are reversed when only a 


planes are produced. 
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rhis being true, metals and metallurgy will 
be as important in aircraft plants tomorrow as 
they are in automobile plants today. 

As matters stand now, wood forms the 
wings of three out of every four airplanes built 
Steel tubing is by far the most popular of the 
fuselage structural materials, chrome-molvbae 
num tubes being in highest favor with S.A.1 
1040 in second place. 

Aircraft manufacture for some time has had 
possibilities as a metal consuming industry, but 
as long as transport ships and other very ex 
pensive models are the only Ones produced, thre 
possibilities are restricted If, however, the 
small, inexpensive and easily operated airplane 
proves safe and popular, the field will demand 


much metal and many metallurgists 


THOSE metal men who, 


Dux tile Steel 
Made Without 


Manganese 


ID vears ago, were in 
the production end of 
the metal business, or 
who were engaged in 
some part of the ordnance program, will remem 
ber the shortage in alloys (which almost grew 
into a famine as the War was prolonged) and 
the intensive work on new steels for new uses 

Even so common an alloy as ferroman 
ganese was conserved to the utmost it being 
something which was largely imported and 
something quite indispensable for sound steel 
An aftermath of this situation has been the 
vociferous claims for protection by the infant 
industry exploiting our own limited manganese 
resources, and the continuous effort of the Wat 
department and some steel and alloy producers 
to develop a substitute deoxidizer and desul 
phurizer for steel. 

Now it appears that this has been found 
in the form of silicon-zirconium alloy 

Zirconium, the metal, as an alloy in steel, 
has had a reputation sometimes good, some 
times bad. When it was rumored that the Get 
mans were making superior guns and armor 
of zirconium steel, a group of metallurgists in 


the Ford Motor Co. laboratory, headed by ¢ i 
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Wills and H. T. Chandler, made some zirconium 
plate of exceptional ballistic properties. Sev- 
eral complex alloys containing zirconium had 
very remarkable properties, but the heats could 
not be duplicated with certainty. 

Following this discovery at Detroit, the 
Bureau of Mines and the Bureau of Standards 
investigated complex alloys of “rare” metals, 
and alloy makers also studied the proper meth- 
ods of manufacturing the ferros. It was deter- 
mined that  silicon-zirconium would readily 
alloy with killed steel with good recoveries, and 
by autumn production of special armor plate 
was on its way, both here and in France. 

Remarkable properties were found in many 
of these complex steels. As an instance, one 
containing approximately 0.45°¢ carbon, 1.25% 
silicon, 3° nickel, 0.75° manganese, and 0.25 
zirconium could show in heat treated condition, 
300,000 Ib. per sq.in. ultimate with 7.55 elonga- 
tion in 2 in. and Izod impact of 75 ft-lb. per 
sq-in. However, it was believed by most of the 
investigators that zirconium was_ principally 
valuable as a scavenger, and the superior prop- 
erties of such a complex alloy were due to the 
other alloys it contained. 

At any rate, the element lost caste with 
nearly everyone except the Electro Metallurgi- 
cal Co. Dr. F. M. Becket, its technical director, 
had enough faith in the undoubted powers of 
zirconium as a deoxidizer to continue extensive 
experimentation. He made 200 to 350-lb. heats 
in an electric furnace and tapped the metal into 
duplicate or triplicate ladles. All treatment of 
these portions of a single heat, including heat- 
ing, working, and heat treatment, would be 
identical except for the kind or amount of 
deoxidizer used —-a plan with obvious advan- 
tages for studying the effect of a single variable. 

By 1923 it had been found that zirconium 
was in effect the long-sought desulphurizer. The 
Bureau of Standards some vears before had 
noted that zirconium in steel interfered with the 
sulphur analysis, but much large-scale work was 
necessary to show that such a steel forged as 
though it contained this fictitiously low sulphur! 


Spectacular though this performance was, 
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it appeared to be of future rather than present 
interest. Phosphorus had ceased to trouble s{ee| 
makers since the invention of the basic process, 
but sulphur, once in the converter or open 
hearth, is there for good. It is true that thy 
sulphur content of the available ores and scrap 
in this country is gradually increasing, but th 
danger point is still far away. 

The Niagara Falls experimenters did not 
fail to note, in their lengthy researches, the 
auxiliary effect of zirconium as an excellent 
deoxidizer as well as a desulphurizer. This was 
proved by the absence of ferrite banding in 
zirconium treated steels, their improved cleanli 
ness, and low gas analysis. Semi-commercial 
work was therefore continued, and a recent 
announcement by Dr. Becket before the Iron 
and Steel Committee of the A.I.M.E. shows that 
silico-zirconium has definitely been established 
as a substitute for ferromanganese in the manu 
facture of sound steel. 

Electric furnace heats, so low in manganes: 
that special raw material had to be secured to 
make them, were quite impossible to roll i 
deoxidized with ferrosilicon alone, but would 
roll excellently if deoxidized in the ladle with 
ferromanganese (as might be expected) or with 
no ferromanganese if as little as 0.20°° of silico 
zirconium was added (a new discovery). This 
indeed is news to the steel industry, which has 
known ever since Bessemer’s early failures with 
steel from British pig irons that it is impossib| 
to make good steel without manganese. 

Fortunately, it will not be necessary to! 
these investigators to wait for another manga 
nese famine before they can get a return 
their work. In line with the general action 0! 
zirconium as a “softener,” it has been found 
commercial rollings of strictly comparah! 
heats, that steels of exceptional ductility and 
deep drawing ability are produced if the meta! 
A deep dr 


ing steel deoxidized with silico-zirconium 


is treated with a little zirconium. 


very low in manganese (a strengthener) \ 
have its ultimate strength and elastic limit « 
respondingly decreased, but in most deep dr 


ing sheet this is a secondary consideration. 
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Elements of X-ray Analysis 


by the 


AY. GH von Laue and his collabora- 
tors showed as early as 1912 that X-rays 
could be used to investigate the structure of 
crystals, and although it was well known much 
before that date that many metals at least were 
predominantly crystalline, almost no progress 
in determining the actual atomic arrangement 
of metals was made until 1916. Copper, silver 
ind gold, occurring native in obvious large 
crystals, and lead, deposited on sheet zinc, were 
investigated during this interval by Bragg’s 
method — that is, by reflecting X-rays of known 
wave-length from crystalline faces. Owen and 
Blake showed that antimony, zine and an alloy 
of copper and aluminum were crystalline, but 
did not succeed in deriving the structure in any 
of them. A few puzzling diffraction patterns 
were obtained from metal foils by Nishikawa in 
japan, by Hupka in Germany and by Keene in 
England, but these had to wait for interpreta- 
tion until a much later date. 

In 1916, however, two investigations, one in 
s country by A. W. Hull and one in Switzer- 
d by Debye and Scherrer, opened the way to 
tudy of metals in their more usual micro- 
‘talline condition. In the 14 years which 

since elapsed, the relative merits of the 


tiles “Hull method” or “Debye-Scherrer meth- 
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powder 


method 


od” have become increasingly unimportant, and 
the non-controversial descriptive term, “powder 
method,” has practically supplanted both. 

In the past decade the most expert and suc 
cessful applications and improvements of the 
powder method have been made by Prof. Arne 
Westgren of the University of Stockholm. His 
recent lectures in this country before the 
Franklin Institute, the Institute of Metals of the 
A.L.M.E. and at several universities, have shown 
how much can be derived from a wise use 
of the powder method of X-ray crystal an 
alysis, in combination with the more familiar 
methods of metallurgical diagnosis. A series of 
articles has been prepared from these lectures, 
the first of which will appear in the next num 
ber of Merat Procress, summarizing recent re 
sults on the structure of iron and steel. The 
Editor has suggested that a brief description of 
the powder method and a discussion of what it 
can tell us about crystal structures may form a 
suitable introduction to this series, and a sup 
plement to the “introduction to the introduc 
tion” appearing on page 75 of the May issue. 

The fundamental fact about the “reflection” 
of X-rays from crystals is that reflection does 
not occur unless there is a certain definite rela 


tion between the wave-length A of the ray, the 
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Diagram Showing example, a tubs 
Relationship Be 
tween Path of Ap 
proaching Ray and 
Spacing of Atoms In 
ad ryustal lo Produce 
a Diffraction Pattern 0.708 and 0.712 A 


molybdenum target « 
at 30,000 volts will « 


predominant wavs 


units respectively 

weaker radiation at | 
(One Angstrom unit 
centimeter.) In a copy 
get tube operated at 


volts these wave-leng 


come 1.537, 1.541 and 1 





respectively. By pass 
radiation through = s 


materials (as filters) the shortest of thes: 


angle © at which they fall upon a= crystal- 


lengths can be selectively absorbed, if it 


A suitable filter for molvbd 


lographic plane, and the perpendicular spacing 


d between adjacent fdentical planes. This rela- troublesome. 


tion, in the form first proposed by Bragg, is X-rays contains zirconium. Copper X-ra 


nA =ZLasin@ 


not usually filtered in this manner. 


where mis any integer. <A figure is shown here- 
with which illustrates a simple method for de- Method of Describing Crystal Planes 
riving this relation. X-rays are approaching 

from the upper left and are being scattered by Assuming, then, a single known val 
points arranged in crystalline array. The re- the wave-length A we will place a small crys 
Nlecting planes PP’ are supposed to be perpen- in the X-ray beam and search for reflected 
dicular to the plane of the picture. The Bragg with a photographic plate or film, or a fluores 


; 
‘>! 


= “4 , cent screen, or some other sensitive dete: 
equation results from the condition that the X- nt ! n { 


rays scattered from points in adjacent planes this radiation, 
must agree in phase on the wave-front BB’ if Phere are, of course, in a crystal an infinit 
the incident X-rays agreed in phase on the number of different crystallographic p! 
wave-front AA’. That is, the phase difference Some of them will give strong reflections, and 


system of notation whereby they may be ad 


A404 R’ 40+0AR 
wiAUt Wi (AW@+@0, 
™ ) quately described is necessary. 
must be 27n, where nis any integer. But, as If identical points are repeated along 





can readily be seen from the figure, 


SAN’. A'R’ a 7.) - r rtp "nh 
AW tl (AWtYUVl ia’! "ig rw ié 
of a 
( = COSINO 


Theo- 


retically a single plane can “reflect” any wave- 


and Bragy’s equation follows at once. 
length. It turns out, however, that the intensity 
reflected by a single plane is so small as to be 
inappreciable. Many planes must cooperate to 
produce a noticeable effect. 

For simplicity in the above analysis, it was 
supposed that X-rays of only a single wave- 
length are allowed to fall upon a= crystal. 
Though this extreme simplification is diflicult 
to attain in practice, it is not hard to choose the 
target material in the X-ray tube and its oper- 
ating voltage so that X-rays of a few wave- 
conspicuous, For 


lengths are especially 


of the three crystallographic axes at intervals 
a, along another at intervals b, and along ¢! 
third at intervals c, these three lengths and 
angles between the axes fix the size and shap 
of the unit cell. Indefinite repetition of this 
cell builds up the crystal. Any crystallogra, 
plane (that is, a plane on which occur atom 
ters in a regular pattern) cuts the three axes 4 
distances pa, qb, re. If the plane is paral! 
an axis one or two of the numbers p, q @ 
will be infinite. 

It can also be readily shown that the ! 
rocals of these three numbers must be com 
surate, that is to say 

, —_ , 4 


g Ff rp pq 
* 


must all three be integers. It is convent 
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the plane by three integers h, k, 1, so 


, , ’ 7 


7 
» ° # re r * Oo a °A 
i / - A Y 


a |s 


integers h, k, l, are called the “indices” 
lane considered. For all important sets 
s these indices are small numbers, not 
than 10. From the manner of deriva- 
s seen that all parallel planes have the 
dices, and therefore a definite series of 
is fixed by the notation (hkl). If any 
S parallel to an axis, so that it cuts that 
infinity, the index corresponding to that 
S Zero. 
ie figure at the bottom of the page shows 
il unit cells of a crystal and a few planes 
idices as marked. 
If we compute the perpendicular distances, 
d bv the svmbol dy.) between adjacent 
il planes (hkl) we find that d,,, becomes 
ller as h, k and | are given higher values. 


jeans that sin ©, for our fixed \-ray wave- 


s I) 


must become larger to satisfy the con- 


dition for reflection But sin © cannot be 
greater than unity, so any reflection is impos- 
sible if d becomes less than '» A. For each 
crystal, therefore, only a limited number of © 
values can be found for each A-value. In the 
case of molybdenum X-rays reflection fails if 
dy, falls below 0.35 A and at this limit the re 
flected rays travel back on themselves toward 
the X-ray tube. 

A crystalline powder (or a micro-crystal 
line metal with no special arrangement of its 
crystallites) when placed in an X-ray beam hay 
ing only a single wave-length, will have within 
it some crystals presenting each of the possible 
reflecting planes al the approprial angle © so 
that \-rays will be partially reflected, and as 
shown from the first diagram all these reflected 
ravs must proceed from the crystal at an angl 
2 06 from the incident beam This cone of re 
flected A-rays will cut a photographic plate o1 
film in a line whose position and curvature de 
pend upon the shape, dimensions and position 


of the sensitized surface Phe resulting pattern 
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or “photogram” is the evidence from which the 
investigator tries to deduce the form and di- 
mensions of the unit cell common to all the 
micro-crystals. 

The accompanying series of drawings illus- 
trates various experimental arrangements that 
have been used in getting photograms. In one 
the sensitive surface is a plane normal to the 
incident beam (which is best circular in cross- 
section, so made by pin-hole screens). The pal 


tern is a set of concentric circles. 
Various I xperimental Arrangements 


In another device the sensitive surface is a 
short evlinder whose axis passes through the 
specimen and is at right angles to the incident 
\-ray beam. The pattern, when the film is flat 
tened out for inspection, is a series of lines, 
curved as indicated. The line for © > is 
straight, both before and after flattening the 
sensitive film. 

It is customary to use only a part of the 
circumference of such an axis; the part register 
ing small deflections for general indications, the 
part near the entrance of the beam (2 © ISO) 
for accurate measurements of d,, (or a, b,c). 

The third sketch shows the arrangement 
used by Professor Westgren in his latest ex- 
periments. The sensitive surface is again a 
evlinder transverse to the incident beam, but 
the specimen is spread over part of the same 
evlindrical surface and the X-rays illuminate it 
through a narrow slit accurately placed on the 
same cylinder. Such a “focussing camera” is 


made of large radius if one wishes to study the 
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CLOSE-PACKED 
HE XAGONAL 


Plan, Elevat 
Side Vieu 
cation of Alf 
Unit Cells 
Simple Cryst 


lures 


smaller values of ©. A set of three cai 
covers all useful reflected rays. In eithe: 

last described arrangements the specime) 
extend some distance in the direction of 
cevlinder axis, and may be illuminated th: 
slits without spoiling the sharpness of the | 
tern; therefore more material may be expos 
to the X-rays at one time than when the be 
must be limited by pin-holes. 

In the fourth arrangement shown the cy! 
drical film has the incident X-ray beam alo. 
its axis. The pattern is extremely simple, being 
merely a set of parallel straight lines when th 
film is unrolled. 

In the last the sensitive surface is a pla 
containing the incident beam. The specimen ts 
spread over a ring having this beam as axis 
The pattern is a row of V-shaped spots along 
the cylinder axis. 

In all these arrangements it is necessa! 
provide the photographic plate or film 
shields to protect it from X-rays coming els 
where than from the specimen. The t 
exposure varies from a few minutes to s 
days, depending upon the available sou 
radiation, the dimensions of the apparatu 


the nature of the material studied. 


Interpretation of Pattern 


Suppose that by one of the several ar! 


ments just mentioned the student has obt 
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of values of d,,,, one for each line of 
rn. His subsequent procedure depends 
iat he is looking for. 

e is comparing the dimensions of th« 
ls in geometrically similar crystals, he 


lculate a. b, or c¢ (in the case of cubis 


lia 

rystals c = b = a and all are mutually perpen 
di } from each value of d In fixing the 
the st mean value he would give appropri 
tely greater weight to lines for which d,,, is 
measurable more precisely. He will be safe in 
suming that two crystals are geometrically 


lar if the patterns are so much alike that 
every line in one is repeated in the other with 
the same relative intensity, and if the d-values 


pute d by assigning the same indices to cor 


esponding lines are proportional throughout 
he list 

The problem of fixing the crystal structurs 
fan unknown material is much more difficult. 
he first step is to tabulate all the values for d o1 
sin ©. The second is to find a crystal structure 


which will possess just this set of values for d 


id sin © and no others. 






In this second step it is convenient first 
to assume a simple structure that is, one in 
which all the X-ray scattering takes place at 
the corners of the unit cell. The pattern of such 
a simple structure will have in it more lines 
than the pattern of a more complicated struc 
ture with the same unit cell, but the lines of the 
more complicated structure must all be present 


in the pattern of the simpler structure 


Lines Made By Cubic Crystal 
As an example, a simple cubic unit will 
have lines corresponding to the hkl values 
given in the table at the top of the next page, 
where for brevity only positive values of h, k, | 
are listed, and the lines are numbered in order 
of decreasing d 

Of these first ei 


sht lines only the second, 


‘ 
> 


fourth, sixth and seventh will appear if the unit 


Various Arrangements 
\-ray Beam, Sample te 
be Studied and Sensi 
tive Film Used tft Ge 
Diffraction Patterns 








Lines for a Simple Cubic Unit 


Line hkl n 
I 100 010 O01 1 
2 110 #101) «(O11 1 
3 111 1 
1 100 «6010 «(OO 9 


(210 201) 021) 


4 1120 102 012, 
6 211 121 112 l 
7 110) «6101 =«OO1T 2 

(221 212 122) \1 
S ‘ ‘ 

/100 O10 OO1)4 )3 


cube has the same atom at its center as at its 
corners, sO as to form a so-called body-centered 
cube. A little practice makes it easy to recog- 
nize the patterns of the simplest structures 
which are: body-centered cubic, face-centered 
cubic, hexagonal close-packed. Sketches show 
units of structure of the three kinds (page 74). 

More complicated arrangements cannot be 
easily recognized. As a, b, ¢ (or any of the 
angles between them) change gradually from 
one value to another, the possible lines of the 
pattern move in a bewildering way, so that as- 
signing the values of h, k and | to each line be- 
comes almost impossible. In a complicated non- 
cubic crystal the 28 sets of indices contained in 
the above table may correspond to 28 different 
vht, and even this does 


lines instead of only cig 
not represent the whole increase in the complex- 
itv of the pattern, for planes with some negative 
indices will give still other lines and planes 
with some indices higher than 2 will invade the 
diagram. 

A notion of the difficulties may be gained 
by considering that all we know about h, k, and 
la, b, and ¢ and the angles (b,c), (e,a), (a,b) in 
the most general possible case Is contained in 


the equation 


A 


2, 
sing = 


We must try to find a single set of values for the 
atomic spacings a, 6, ¢, and for the angles be- 
tween crystallographic axes (b,c), (c,a), (a,b) so 
that all the observed values of diffraction angles 
© vield integral values for the indices h, k, 1, 
and must then also find a possible arrangement 
of atoms within the unit of structure thus fixed 
so that the density or specific gravity of the 
crystal is correct and so that other integral 


values of the indices h, k, lL. do not give reflec- 
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a hoc sin(ad)+kcasin(ca) +1 ab sin(@d) + 2klabc{cos(cacos@ 


tions at missing values of © within the 
able range. 


It is safe to say that the completely 


ral 
case has never been solved. Fortunat 
large enough single crystals can be found er 


methods give useful data about the shape an 


dimensions of the unit cell, so that only th 
ond part of the problem need be attacke 
Where no contrary evidence exists, Profes 


sor Westgren has generally made the si 


fying assumption that a, 6, ¢ are at right a . 
when studying complicated X-ray patterns 


Sometimes the still more drastic assump! 


that the crystal is tetragonal (> a) or tl 
is cubic (c¢ b a), has been added. 1 ¢| 


we must conclude that even a very good a 
ment between observed and calculated lines 
under these conditions is only presumptiv: 
dence for the correctness of the proposed sty 
ture. This is particularly true where th 
cell works out to be so large that many planes 
of low indices do not reflect at all, and whe 
the assignment of atoms to definite positions 
within the unit has not been completed. \W 
can be perfectly certain, of course, that cor 
plicated patterns do not result from a simph 
structure, but the nature of its complexity mus 
not be regarded as settled. 

It would be unfair, after the pessimis 
note of the last paragraph, to omit to ment 
that the 


manganese, assigned by Westgren and Bradley 


complicated structure for alp! 
on the basis of powder photograms and tls pr 
sumable cubic symmetry, seems to have be 
correct as shown later by supplementary met! 
ods. In this material a cube with 51 atoms 


seems well established. 


i 2; 4 ata 
(0) } + 2Inabcfcos@bias(b0-cosCa)} + 2hkabc (Cosh ws 





It should also be emphasized that the 
pearance of a definite pattern with invaria 
positions and intensities of lines is_ posi! 
proof of the appearance of a distinct phase 
the physico-chemical meaning of the te! 
Much of the interest in Professor Westgr 
results lies in the presence of such phases 
lated systems, rather than in the possible 


tricacy of the structures tentatively propos 
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Hard Facing 


DD RING the past few vears the practice of 
hard facing has remarkably increased in 
the entire industrial field. This operation con- 
sists of welding one of several wear-resisting 
lovs to machine parts subjected to abrasion or 
to a combination of abrasion and heat. The 
purpose is to stabilize the wearing surface and 
thereby increase the life and general efficiency 
f the part. Inasmuch as actual job compari- 
sons show three to six times greater life of a 
hard-faced part, when compared to a_ heat 
treated steel part, it is easily understood that 
id surfacing is saving thousands of dollars 
rly, 

Stelliting, or the application of a layer of 
stcllite to the surface of a cast iron or steel part 
Ss more of a brazing than a welding operation. 
molten material from the welding rod is 
ed on when the surface of the base metal is 
it a “sweating” heat, and a carburizing 
e containing an excess of acetylene is al- 
used. 

\ survey of the applications of the process 
S s that the abrasion, heat, and acid-resisting 


erties of such alloys are of value to the 
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Moor 


t 


im the 


Steel Industry 


makers of iron and steel from the time the ore 
enters the blast furnace until the finished prod 
uct is cut to length. There are innumerabl 
places during the many stages of fabrication 
where hard surfaced machine parts will in 
crease production and cut maintenance costs. 
To start at the beginning, consider the blast 
furnace department. For instance, until recently 
it was necessary to lower or even shut off the 
wind on the blast furnace before the tap hole 
could be plugged; nor could it be safely closed 
while the metal was flowing. When a new type 
of mud gun is used, which produces a contin 
uous pressure and flow of clay by a screw, the 
operation is much facilitated. This gun con 
sists of a right and left hand screw in a doubl 
barreled shell. The peripheries of the screws are 
coated on the first two or three flights, and the 
nozzle has eight treated pads, x).x7 In. long, 
which act as a bearing for this end of the screw 
and stop excessive wear of the bore. Between 
these pads are grooves which become filled with 
clay and offer suflicient resistance to prevent 
slippage of material past the screws. If these 


parts were not hard faced they would wear so 








rapidly that this type of gun would be im- 
practicable. 

The auger used for drilling out the solidified 
mud in the tap hole may also be surfaced on the 
face of each flute for about '. in., and it will 
then drill six times as many holes without being 
dressed as a hardened steel auger. 

Pug mill knives for mixing the mud, treated 
on the edge, last about five times as long as steel, 
manganese steel, or chilled iron. 

Hard facing is used extensively on coal- 
pulverizer hammers, coke-pusher shoes, and 
carbon scrapers, to mention only a few of the 
possible locations found in a by-product coke 
plant. Hard-surfaced swing-hammers usually 
have a life of four to six times that of hardened 
steel. This represents a saving not only in main- 
tenance but also in production, for after the 
corners of hammers commence to wear, the out- 
put of the mill decreases. There is also a 
marked increase in power required to operat 
the mill with dull hammers. 


Gas producer fuel is often 













used in open-hearth furnaces. 
In the popular form, the coal 
is automatically fed into the 
producer, and stirred contin 
uously with some form. of 
water-cooled bar. The latter 
has a very short life, due to 
abrasion and heat. In one 


plant a treated, water-cooled 






















stirring arm has now been in continuous 
tion for nine months and is estimated 
about half worn, while the steel arms 
last but three months. In another prod 
hard-surfaced arm has run 8!5 months 
showing but litthe wear, whereas the cast 


sive but three months’ service o 


pokers g 
machine. 

In the rolling mills great savings hav: 
effected on the different guides. 

Records from one of the largest ind 
dent steel mills show that a cast steel gui 
the first finishing operation of the rail mil 
to be scrapped in seven days; after the first 
it had to be dressed every three hours. A 
lited guide at this point has run ten weeks 
out change! Not only has this been a 
saving through reduction of time lost in cl 
ing guides, but the percentage of scrap and 
ond quality rails has been considerably red 


Merchant mills have had equally good 









if the Left Is a Dri 
Spindle for a Reversibl 
Blooming Mill. The 
Photograph shows 
method of building 
worn surfaces by har 
facing. Above is a sl 
gear for driving edgu 
rolls. Three of 14 teeth 
were rebuilt and hard 

faced 
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Ning Hook on the Right 
ower Picture Has Been 
ced. The left one was 
right—-hard facing ma 
pplied to the screw of 
sf furnace mud gun 





sults with hard-surfaced guides; some of them 


have reduced their inventory of repair parts 
to one-sixth. 

lreated entry guides on the diamond passes 
of continuous bar and billet mills have shown a 
life of six to one over steel guides, and one mill 
using this advanced practice has reduced the in 
ventory from 500 guides to 100, 

In the rolling of skelp, the edger guides sut 
ler severely on account of the fishtail end of the 
strip, Which whips through the guides and scores 
them badly. <A thin layer of abrasion-resisting 
material applied to the wearing surface mate 

lv increases their life. 

\n interesting and very successful recent 

cation is the hard surfacing of hammers in 

uctural mill’s gag press. It straightens thi 
s! nm the run-out table. As the shape leaves 
tis, it passes between cramps three 

s on each side, all electrically controlled by 

erator. With the steel in motion, the 
g¢ and trailing pairs of anvils push for- 
and support the steel between them and 


the center hammers pushes against the 
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metal to re- 





bulge in the 
move any bow or curve. 
This operation is repeated, 
the steel being turned over 
from time to time, until it 
is straightened. 

Forged steel anvils 
formerly used on this ma 
chine would scale, and had 
to be replaced every SIX 
days. These hammers, 

which are 8&8 in. wide by 30 
in. high, are now being hard faced with wear 
resisting alloy in. thick and 1 in. wide, *y In 
being left between pads. Such hammers will 
run for 90 davs, making a ratio of fifteen to one 


over steel a remarkable saving both in up 


keep and continuous production. 
Bearings are Hard Fac ed 


One labor-saving machine in sheet and tin 
plate mills, called the Poole feeder, separates 
the sheets and feeds them one at a time through 
the tinning or galvanizing pots. Bearings on 
this machine, particularly on the top rolls, are 
subjected to severe pressure and suffer from 
lack of lubrication due to heat from the molten 
metal or attack of acid from the flux. Exten- 
sive repairs each week-end have been accepted 
as almost inevitable Hard facing the bearings 
makes them last for the life of the rolls and this 
method is now standard practice in many tin 


plate mills. 
Other hard surfacing applications on the 
nechanism, 


Poole feeder are the throw-out 
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1 Coke Pusher Shoe 
Hlard Surfaced on the 
Botlom to Reduce 
Wear By Abrasion 


cams, and cam pads on the doubler roll, and on 
adjusting screws and cams. These parts were 
formerly made either of chilled iron or hard- 
ened steel, but even these were not very satis- 
factorv; because of the severe abrasion, thes 
wore very rapidly and had to be replaced fi 


quently. 
Cam Life Greatly Lengthened 


Wire mill mechanics have found hard sur 
facing a solution of some of their knotty prob 
lems. There are, for instance, a great many 
cams on nail machines. The steel pinch cams 
will run for only about three months befor 
they have to be replaced. An application of 
hard facing alloy ,', in. thick for two-thirds of 
the periphery will increase the life to 18 months 
or more. Pad and adjusting screws of cut-off 
levers and double draft block rings are also 
coated with consequent economy in the costs of 
maintenance. 


Punches and dies for hot work also form a 
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logical field for stelliting. One of t] 
manufacturers of steel car wheels is now 
ing the center hole of forged steel whe 
The hub of thi: 


is 8 in. thick and the hole is 4°, in. di 


temperature of 2,000) F. 


A cast iron punch formerly used had a 
from three to ten holes; a carbon steel] 
with ., in. of its cutting edge covered wit 


alloy will punch from 100 to 160 holes. 


Machining Costs Cut 40% 


Another advantage of the hard-su 
punch is that it leaves a cleaner hole. On! 
machining operation is required to finis 
wheel, whereas it was customary to tak: 
cuts. The cost of machining has been red 
about 40° 

Such a list of applications of hard-t 
surfaces in the steel industry by no means 
hausts the possibilities. The list is mere! 
dicative of the extensive opportunities 
are open to an intelligent maintenance «ck 
ment. Furthermore, it should be suggestiv: 
manufacturers machinery which is dest 
to work in severe locations should obvious! 


armored in advance. 


Anock-Out 1 

a Drop Ha 
Which a Hard § 
Has Been A 
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Commercial Aluminum Piston Alloys 





Coarse structure of slowly cooled 


allov, not 


obtained commercially but showing constituents 


White background is alu el, and aluminun 
between nedi 


minum-rich solid solution: distributed 


black particles, Mg-Si; dark um and light gray constitu 
gray, Silicon; medium gray, ents. Sample is unetched 
nickel-aluminum; and Jight and photographed at 100 


gray contain copper, nick 


Magnified 100 Times 


As-cast structure of chill cast 

»-in. sections showing alumi 
num-silicon eutectic. Primary 
silicon, gray;  nickel-alumi 
num, copper-nickel-aluminum 
ind Mg Si, black. Etched with 
iqueous solution of 0.5 an 


Chill cast z-In. Seectio 

quenched from high tempera 
ture solution heat treatment 
Some of the MgeSi and silicon 
has been dissolved in the alu 
minum and the excess constit 
uents have been spheroidized. 
ktched with aqueous solution 
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diameters magnification, 


Magnified 500 Times 
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\luminum Company of America’s No. 132? Alloy. Typical composition: 


Copper 0.8%, tron 0.7"), magnesium 1.0") 


, nickel 27.3", 


, silicon 14.0”) 


Photomicrographs by Aluminum Research Laboratories 














yet closely related through the strong 
alloys of Alcoa Aluminum 


A sucti 


whirling silk—an aerofoil, a spray-gun, a fire 


m sweeper chasing dirt—a _ bobbin 


alarm box —all are related. Children of a thou- 
sand brains— products of a thousand factories 
—are “sisters under their skins’ because they 
are made of the strong alloys of Alcoa Alumi- 
num. When you design that next gadget, con- 
sider the many advantages of Alcoa Aluminum 


and its strong alloys. 


The strong alloys of Alcoa Aluminum unite 
great strength—up to §5, Ibs. per sq. in. 
minimum — with extreme lightness. They have 
superior heat and electrical conductivity. The 
parts that are made of them resist corrosion. 
They finish readily to an attract 

that retains its good looks. With all 


ive surface 


their other 


advantages, the cost of the strong alloys of 
' 
Alcoa Aluminum is low—comparable to othe 


metals lacking such specific advantages 


The strong alloys of Alcoa Aluminum are 
now being used in thousands of ways, and are 
effecting economies whether they are used as 
forgings, stampings, castings, screw machine 
products or otherwise. Standard metal working 


equipment can be used in their fabrication 


The experience of our research and pr duct et 
gineers, are yours to check against your own 
production. Write to us, let us discuss w1 
you the profit opportunities in the strong 
alloys of Alcoa Aluminum. ALUMINUM 
COMPANY of AMERICA; 2501 Oliver Building, 


PITTSBURGH, PENNSYLVANIA 











Viicrostructure of Cold-Drawn Seamless 


Soft Steel, 0.10 to 0.20°, Carbon 


Magnitications 100 dia. 
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Reduced 50°-, Annealed at 800° C, 


Stages in Recrystallization of 
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LEADING MANUFACTURER sows, 


PIPE COUPLING PROBLEM WITH SC CONTINUOUS FURNACES 


™ distance transmission 


of natural gas... through pipe lines thousands of 
miles in length . . « necessitated couplings safely 
withstanding pressures up to 800 Ibs. To meet these 
exacting requirements the S. R. Dresser Manufac- 
turing Company, Bradford, Pa., built a large addi- 
tion to their plant. Two Surface Combustion con- 
tinuous gas-fired furnaces, with complete overhead 
conveyor mechanisms, were installed. The forming 
furnace operates at 1750°F., delivering blanks to 
the presses at 1600° F. Partially finished flanges 
are re-heated in an SC reheating furnace and 
returned to the press for punching of bolt holes, 
which completes the operation. Production capacity 


is 18,000 net Ibs. of work per hour. 


4 A \ 


Sint ' 


ES. 1 es <i aes 


Wit "Va ; 





<_< 


ABOVE-—Entrance End 
Furnace showing eme 


Conveyor entering 


LeFrt—Close-up of 
naces showing arrange 
ment of burners 


or, etc 


OPERATED BY HENRY L. DOHERTY & COMPANY 
SURFACE COMBUSTION CORPORATION | SALES AND ENGINEERING SERVICE 
TOLEDO, OHIO. > IN PRINCIPAL CITIES 








Correspondence 


\S HAS already been pointed out in former 
tters, the light metals industry, including the 
oduction of pure metals and the manufacture 
d treatment of their alloys, has developed 

rapidly in Italy during the last few years. 
This is easily explained by 


oo a ‘en the fact that this develop- 


ment has taken place more 
Be he vior of 


Lig he A Hoys 


in Fatioue 


slowly than the develop- 
ment of the industries 
using the light metals, so 
that the new concerns 
inufacturing light alloys are now finding a big 
domestic market for the sale of their products. 
In addition, they do not find many difficulties 
in meeting foreign competition, as they have at 
their disposal practically unlimited quantities of 
excellent raw materials and cheap labor and 
iric power. 
| have already reported a few facts concern- 
J the new Italian plants for the production of 


inum. Before telling about the recent ap- 


itions of the light alloys, I want to point to 

ict that the rapid development of these new 

ipplications has enormously increased the inter- 

s light metal research. It may be interesting 
rn of at least one example of the results 
ied in this field of research within the last 
onths. 

ne of the researches may be cited whose 

s seem to open the way to new fields of 


gation, where important practical appli- 
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cations are possible. These studies were begun 
recently by Prof. Gustavo Colonnetti and his co 
workers in the laboratory for testing materials 
at the Engineering School, Turin. Their object 
is the study of the elastic hysteresis of the alumi 
num alloys. 

These investigations have disclosed that 
many aluminum alloys, already widely used, 
have cycles of elastic hysteresis with some pecu 
liar characteristics which are quite different 
from those of other alloys and vary widely for 
relatively small variations of their composition 
and of the cold work or heat treatments which 
have been given them. 

For brey itv's sake, the results of the numer 
ous experiments carried on by Colonnetti can 
not be reported in detail. I will confine myself 
to summarizing those referring to three alumi 
num alloys, widely known and largely used in 


industry. The first of these alloys (known here 


as “lautal’) contains approximately 94°. alumi 
num, I. copper, and 2‘: silicon. The second 
(“avional’) contains 91.5) aluminum, 4°. cop 


per, 0.5 silicon, 0.5 manganese, and 05 

magnesium, The composition of the third 
(“anticorodal”) is 97.8°° aluminum, 1I‘« silicon, 
0.6 manganese, and 0.6 magnesium Lhese 


three allovs have been studied under various 
and exactly determined conditions hot rolled, 
cold drawn and after different heat treatments 

The major difference observed is that the 


elastic behavior of lautal. the first allov. is very 
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similar to the well-known high percentage cop- 
per alloys or high nickel steels. On the other 
hand, the behavior of the others is entirely dif 
ferent in nature. 

For these last alloys the normal stress-strain 
curve shows a rather extended concavity turned 
toward the vertical axis. This indicates that the 
modulus of elasticity increases with increasing 
loads. Then the stress-strain curve deflects to 
the right, following the expected behavior, and 
the modulus begins to decrease. 

This characteristic has an important effect 
on the action of them under fatigue. The initial 
value of the modulus (which, in fatigue testing, 
is found every time the direction of loading is 
abruptly reversed) is not a maximum, but is rel- 
atively low. On lowering the load further, the 
modulus increases, at first very slowly, then 
more rapidly, until it reaches the maximum 
value, when the hysteresis loop is closed. 

Stress-strain curves traced during decreas- 
ing loads show a concavity toward the horizon- 
tal axis, and (provided the yield point has not 
been surpassed) lies entirely above the curve of 
increasing deformations. 

Even if we leave aside any attempt at a 


thermodynamic interpretation of these peculiar 


Relation of Tolerances t 
Length of Gage Blocks, 
Johansson Method 


: ( 
5 
RS 


length of Block in mm 
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facts, which appear inconsistent wit! 
mental physical laws, it is evident that 
sults of these accurate experiments of 
netti are of very practical importanc: 
study of the technical applications of al 
allovs of high strength. 

Freperico Gio 


Turin, Italy. 


AN ARTICLE on gage blocks by Charles \ 
Pond which appeared in the March issu 
Merat ProGress was very interesting and s 
vests the following remarks. 

He mentions that each block is accu 
the millionth. In Euro- 


pean practice we have two T | 
olerances 


ana Hlnedincess 
of Precision 
Gage Blocks 


svstems of tolerances, 
namely, Johansson’s and 
another sometimes used in 
France. 

Johansson assures the 
trade that his blocks have such tolerances 
they are interchangeable, no matter how 


blocks are used for a certain length ’ 


only one is used. This statement is con! 
by the accompanying chart; along the hor 


axis are plotted the lengths of the dil 
blocks, and the vertical are the corresp 
tolerances. 


On the other hand, a French firm, P1 
Mecanique, makes blocks to a uniform tol 
of 0.0002 mm. Of course, such a system 
not permit interchangeability. 

It seems to me that Johansson’s syst 
tolerances is superior to the system of the 
tolerance used independently of the k 
the block. 


block is accurate to the millionth, ho 


From Mr. Pond’s statement th 


arises the supposition that the Pratt & W 
system of tolerances does not pt rmit 
changeability. 

A note on the hardness of blocks m 
be of interest. European practice gives | 
lowing results: 

Johansson blocks vary from 63 to ¢ 


Blocks of Zeiss 


the Rockwell C seale. 
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sure 61 to GOA, 
Mex jue are nitrided. Blocks made in Poland 
: 61.5 to 67 on the Rockwell C scale. 

J. ZUBKO 


Blocks made by Précision 


Rrwinow, Poland. 


\s we at Pratt & Whitney see it, Mr. Zubko 
joes not view the question of tolerances from 
the same angle as we do in this country. Our 
practice is exactly the same as Johansson’s in 
that we have a greater tolerance for the greater 
lengths. Judging from his letter, one of the 
European tool makers is trying to hold all 
lengths within eight millionths, and it is quite 
isv to see that they will run into difficulties 
vhen making 3-in., 4-in., and even longer blocks. 

lf all blocks are maintained within the re- 
juired tolerance, there is no question but that 
nterchangeability will be assured. The prime 
dificulty with blocks is in maintaining them to 
size and still using them. In shop use they are 
ften allowed to wear until they are undersize 
i vreat deal more than the permissible tolerance 
for new blocks. Again they are improperly sea- 
soned by the manufacturer and grow to a 
narked extent after they reach the user. 

lt is quite interesting to note that the Rock 
vell hardness readings taken from various 
turopean blocks indicate clearly that those 
janufacturers are keeping on the soft side to 

event such growth. 
CHarLes M. Ponp 


i] irtford, Conn. 


PHYS!tCAL testing of cast 


Liesttations : :; ' 
iron is a problem of long 


of Tests for 


: standing. Studies and ex- 
= ( estings 


periments have been made 
for several vears in every 
try to define and to specify acceptable iron 
Nes, 

Undoubtedly acceptance tests of materials 
considerable influence on industrial devel- 
ent; at times they play a part in stimulating 
ress, often they utterly paralyze manufac- 


It is a well-known fact that the tests 
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imposed by artillery oflicers and naval con 
structors have influenced metallurgical develop- 
ment by directing attention to the special steels 
(especially nickel-chromium steels), which later 
inspired the motor-car industry and later yet, 
the aircraft manufacturers. Contrariwise, some 
examples of defective tests might be mentioned 
as having hampered an industry for years — a 
prominent one in my mind concerns the hydrau- 
lic limes of the Parisian region. 

It is consequently essential to choose wisely 
the appropriate tests which will show precisely 
and efliciently the real properties of materials 
so as to develop their quality and uses as well as 
to increase their security. 

What makes the problem, as it relates to pig 
iron, more intricate is that iron’s physical prop- 
erties depend not only on the chemical analysis 
of the raw materials but also on its thermal his- 
tory, its pouring temperature, casting method, 
and cooling speed 

The cooling speed is influenced by a con 
siderable number of things which are called 
“foundry factors.” They are so numerous and 
so complex that they cannot be defined nor 
measured; one of these, the shape of the piece, 
varies to infinity. 

Physical propertics depend on the shape 
and dimensions of the pieces, and for the same 
piece they are variable from one point to an 
other, so that: 

1. To compare the physical properties of 
two cast iron pieces, these must be identical and 
cast under the same molding and gating condi 
tions, in all the details that this statement 
implies. 

2. To define the physical properties of a 
piece, the piece itself must be tested. 

Physical properties cannot be derived from 
the results obtained from a few test pieces sep 
arately cast, for it is impossible to evaluate cet 
tain important factors such as shape, gating, and 
pouring. It is impossible also, by means of a 
single dimension, such as the diameter of a test 
bar, to express the three dimensions of space or 
the curve radius of the surface. Some pieces of 


the same thickness will have entirely different 


87 





Correspondence 


properties if they have the shape of a cube, or 


of a round or square bar, or of a plate. 

Two clearly distinct problems must there- 
fore be considered in any comprehensive and 
rigorous solution: 

1. To classify cast iron while it is in a liq- 
uid state. To do this, furnace men must co- 
operate by reporting on the analyses, raw ma- 
terials, mixture, and to realize the influence of 
melting methods and of temperatures, and to 
control and make uniform the production of 
liquid pig iron. 

2. To classify the physical properties of 
castings. This problem chiefly concerns the 
purchaser, and the tests must be made on the 
piece in question or on an identical one cast un- 
der identical conditions. 

These two distinct problems were acknowl- 
edged by the International Foundry Congress, 
held in Paris in 1923, as a starting point for fu- 
ture researches and tests. Committees were 
then created to work on them in every country, 
and also an International Committee designed 
to coordinate the efforts of the individual com- 


mittees. 


Classification of Tool 

Steel By Fracture Will 

Reduce Liability of 
Quenching Cracks 


i 


Cracked on Quenching 
a 


" r 
co 


Der ‘C74 Spec imens 


z 


Fracture Classification 
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We must note the great improveme: 
in the physical properties of gray iron 
with regard to increasing their durabi! 
physical similarity. To continue this 
vinning and to take advantage of these 
ments, further tests must be made unt 
comes possible to estimate later beha 
service. 

It } to be 


Foundry Congress to be held at Milan nm 


hoped that the Inter: 


tember will publish researches undertal 
every country, record improvements, and 
duce an interchange of ideas which will in 
and unify the methods of testing cast iron 
ALBERT Portevi 


Paris, France. 


DR. RAGNAR ARPI of Hagfors Jernverk 
cently received from the hands of the ©: 
Prince a prize awarded by the Royal Swedis 
Academy of Sciences. It was given to hin 
appreciation of his work in developing a meth 
for testing the quality of tool 


steel by examining the frac- 


Classify ing 
H a ra en ed 
Tool Steel 


reac fures 


ture of quenched specimens. 

Manufacture of high 
quality steel being of a rela- 
tively greater importance to 
the Swedish steel industry 
than to that of most other countries, if 
wonder that a good deal of work has been 
lately on methods of testing tool steel. W1 
is, of course, recognized that the only re! 
method of ascertaining the quality of a too! 
is to test tools made from the steel in qu: 
under carefully standardized working 
tions, such a procedure must necessarily |! 
a considerable time. A rapid and re! 
method of testing is therefore greatly ne 
and the method must permit grading th 
terial. 

Dr. Arpi has prepared a scale of fra 
classes, zero designating a very coarse-g! 
fracture and ten the finest fracture obta! 
he test is made on a number of notched 


which are quenched in water from dif 
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ires, such as 790, 770, 800, 830, 860, and 
lhe bars are then fractured, and classi- 
Similar 


( ompa 


rison with standards. 


and Foreign 


have been used both in Germany and 


(see Mr. Shepherd's article in February 


oGRESS), but the thorough testing of this 


carried out by Arpi and other Swedish 


itors brought to light new facts of con- 


le intere 


though t 


‘st. 


he method is both rapid 


and 


t cannot always be said to be reliable 


steels with a wide quenching range (fine- 


d fracture at widely differing quenching 


iures) 


also show good results 


when 


illy tested as tools, a narrow quenching 


may not necessarily mean inferior qual- 


page Sd, 


\s shown 


IS. howe\ 


by the diagram on 


er, a very definite relation be- 


the fineness of the fracture and the liabil 


of the steel to crack on quenching. 


Of more interest is an apparently distinct 


( 


! 


pr Ces 


nm between the quenching range and the 


Ss especially deoxidation. It 


therefore be possible to develop this test 


method 


for continuous control 


ol 


SOT 


primary factors governing steel making, 


would facilitate the production of 


(| lality ol 


steel. 


ull 


EiNarR OHMAN 


kholm, Sweden. 


le mpel 
Steel 
yttan S 
by Erik 
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HE SPRING MEETING ot the Japanese Iron 
& Steel Institute was held April 4, in Tokio 
Nineteen papers were read, important among 
them being one by T. Sato on the equilibrium 
diagram of the svstem iron cementite, iron sul 
phide; another by | 


litaka on “Chrumin,” a M , 
i eeting o 
new light allov which 


Japanese leon 


A Sreel Lastitute 


is not corroded by sea 
water: one by S. Um 
ezu on the reduction of 
titanium oxide; a paper by kK. Iwase on the cata 
Ivtic reduction of iron sands and iron oxides; 
one by K. Ueno on the production of vanadium 
steel from Kuji sponge iron; and one under the 
joint authorship of K. Honda, G. Takamaec, | 
Watanabe, on the ballistics of light armor 

Chrumin, according to Dr. Ll. litaka, the in 
ventor of the allov, can be used as a cast o1 
forged alloy. In the cast state it has the follow 
ing constants Fensile strength, 27,600 Ib. per 
sq.in.; vield point, 15400 Ib. per sq.in.; elonga 
tion 13.86. ; Izod impact 6.5 ft.-lb.; Brinell hard 
ess 69; and density 2.71 

In the form of a drawn wire, the alloy has a 
tensile strength of 58,300 Ib. per sq.in. In a salt 
water of 5 concentration, it stands four vears 
without producing any precipitation 


IK. LIONDA 


Sendai, Japan. 








Casting Aluminum Pistons 


im permanent molds 


Aluminum Co. of America 


Cleveland 


[i REAL HISTORY of the aluminum al- 
loy piston may be said to begin in 1915 with 
the introduction of the permanent mold process 
for fabricating piston castings. Previous to this 
a few pistons had been cast in sand, but these 
were soft, porous and generally unsatisfactory. 
Many problems were of course involved in mak- 
ing the first permanent mold pistons, and it was 
not until much money and energy were ex 
pended that the problems were commercially 
solved. 

S.A.E. specification No. $tis well adapted to 
the process. This material, containing about 
10°. of copper, 1.2% tron, 0.25°° magnesium and 
balance aluminum, was the result of many 
searching experiments endeavoring to discover 
an alloy which would satisfy the exacting re- 
quirements of service, and which would also be 
adaptable to the new method of casting. The 
soundness of the final decision is indicated by 
the fact that during the past 15 years about 
100,000,000) piston castings have been made in 
permanent molds with litthe or no change in 
alloy composition. 

A permanent mold for the ordinary piston 
casting consists essentially of two halves. It 


carries the impression of the external contour 


90 


of the casting, and parts along a plane perp 


dicular to a line joining the centers of the wris' 


pin bosses. These two mold-halves, in ope: 


and closing, slide on a cast iron base whic! 
serves to form the piston head. 


The internal contour of the 
I) 


formed by a collapsible steel core whi 


sembled into the cavity after the two mo! 


halves have been locked in position. The 
may consist of three, five, seven, or eve! 
separate pieces depending on the comple) 
the particular design. 

A gate is cut, partly in each mold-half, 
ing first into a goose-neck trap for coll 
dross, and then to a smooth channel, « 
downward into the bottom of the mold 
so that the metal enters without splash 

A feeder or shrink cavity is also pr 
in the mold-halves adjacent to the pistor 


and connected with it. This shrink cav! 
relatively greater section than the pisto! 
so that the metal in it will remain molt 
feed into the latter as crystallization shi 
takes place. This helps to produce a sou! 
fectly filled casting. An additional shri 
ity and riser are usually provided on the 


the mold opposite the gate. 
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\. pressure other than gravity is applied to 
s the I | at any time during the casting process. 


wrist-pin bosses are cast hollow with 
igh finish to clean up satisfactorily in 


ng. This is a two-fold advantage in that 
metal and results in fine grained struc- 
the wrist-pin bearing as a result of the 


effect of the core pins. This chilling ef- 


v be further accentuated by dipping the 
re pins into cold water just before assembly 


mold-halves, or by constructing them of 
naterial, such as copper, which has an 
xtremely high thermal conductivity. 

Very large pistons for Diesel engines, such 
is the one illustrated in this article and which 
required in relatively small numbers, are 
frequently cast in a “semi-permanent” mold. 
[his process involves the use of metal mold- 

ilves with a sand core, which greatly reduces 


st of the equipment and at the same time 






ides, in a considerable degree, the benefits 


to be derived from a chilled casting. Pistons 
weighing several hundred pounds are frequently 
cast by this method. 

The successful construction and operation 
of such permanent mold equipment depends 
upon a great amount of experience gained ove! 
a considerable period of time. Special materials 
are used in mold and core to insure satisfactory 
life and freedom from warpage and erosion 
Venting must be properly provided (to allow 
exit for air and gases) or the cavity will not fill 
Operating temperatures must be maintained 
within relatively narrow limits. If the mold is 
too cold, as when starting up, the castings will 
not fill out; if it is too hot, the shrink cavities 
will not function properly. In some instances it 


is necessary to secure the proper temperature 


Electric Furnace With 
fufomatt Control, t 
Operate at About 900° F. 
Pistons are given the 
solution heat treat 


ment in this furnace 











balance by applying gas flames to certain parts 
of the mold. Many details of construction of 
the molds, as well as certain basic features of 
the casting process itself, are covered by United 
States patents. 

Three main advantages may fairly be 
claimed for the permanent mold piston as op- 
posed to the sand cast product: 


l. Better 


notable 


physical properties, such as 


a very freedom from casting defects, 
greater hardness, greater toughness, improved 
qualities, and improved machining properties. 
2. Lower cost. A large number of these 
castings may be produced with great dimen- 
sional uniformity and with minimum finish. 


| 


4. Better response to heat treatment. Pis- 
tons made by this process are susceptible to im- 
provement by heat treatment to a much greater 
degree than are pistons cast in sand. 

Some remarks on the possibilities of heat 
treatment will be especially interesting to read- 
Improvement of alumi- 


ers of Mrevrar PROGRESS. 


num alloy pistons by heat treatment depends 
primarily upon the precipitation from solid so- 
lution of hard particles of the compound CuAl 
in submicroscopic size. The process is some- 
times carried out in two steps —— a solution treat- 


ment followed by a precipitation treatment. 


Sometimes the hardening is done by a singh 
precipitation treatment. Both of these possibil- 
ities have been discussed at length in a paper 
entitled, “The Hardening of Metals by Dispersed 
Constituents Precipitated from Solid Solutions,” 
by R. S. Archer read before the A.S.S.T. at Chi- 
cago, September, 1926. 

In the process we are now describing the 
solution treatment at about 900° F. followed by 
a quench may be omitted, because the perma- 
nent mold casting process is in tlself a very ef- 
fective solution treatment. The rapid solidifica- 
tion and subsequent cooling of the piston casting 
in a metal mold results in a supersaturated so- 
CuAl, in Some of 


hardening compound may be precipitated by a 


lution of aluminum, this 
subsequent treatment at between 300 and 100° F 
Brinell hardness numbers ranging from 70 to 
this method 
This 


accompanied by in- 


150 may be produced at will by 


with great consistency and uniformity. 


increase in hardness is 
creases in tensile strength and elastic limit, re- 


sulting in increased resistance to wear and dis- 


Battery of “Aging 
Used for the “P1 
tion” Heat Tre 
illoy P 
Superheated ste 


i/uminum 


a sufficiently hi 
pe rature 


tortion, all of which is reflected in better se! 
and longer life. 


110 to 125 has been found to ofter a most 


sirable combination of properties. The pr 


lems of other motor builders seem to be p 
harder pistons, in the range from 125 t 
Brinell, and many are furnished to this sp 
cation. 

Equipment for carrying out the sol 
treatment includes electric furnaces with 
rate pyrometer control, and a quenchin 
rangement. Precipitation or “aging” treat 
may be carried out either in an electric fu 
or in a tank heated with steam, the latter 
preferable for ease of temperature control! 
for economy. 

A recent notable development, kno’ 
ot os 


“Lo-Ex” alloy, contains about 15 


with small quantities of copper, magnesiun 


nickel (balance aluminum), and is alrea: 
extensive use in the aircraft field. Pron 
manufacturers of automobiles, trucks, |! 


cevcles, and marine motors have also adop 
A series of photomicrographs of this alloy 
known as No. 132) is shown on page 51 


editorial insert. 
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A Brinell hardness numbe 








lis advantages over S.A.E. Specifica- 
No. 34 are three in number: 
|. It possesses a lower coeflicient of 
ermal expansion, 
2. It is approximately 10° lighter. 
It has superior qualities as a ma- 


al for the construction of bearings. 


Low Expansion an Advantage 


lts lower coeflicient of expansion 
ermits the closer fitting of pistons with- 
it danger of sticking or scoring. This 
feature is of particular importance in the 
urcraft field where clearances in the 
past have been large and must, if prac- 
ticable, be reduced. Of course the lower 
specific gravity of this alloy is also much 


its favor since any reduction in the 


reciprocating weight of a rapidly moving 
element is always of prime importance 
obtaining smoothness of operation. 
the chief drawbacks to the more exten- 
sive use of this alloy have been foundry 
ems, which are now pretty well 
solved, and the fact that it requires ce- 
d tungsten carbide tools for ma- 
hing. These tools, however, are rap- 
iv coming into common use, so that 
lt machinability will soon cease to 


problem to motor manufacturers. 
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A Metallurgical 


| easanils JONES dashed forth one Christmas 
morning to show his friends a new bicycle, 
and stumbled over a five-pound box of candy 
left at the front door — evidently by mistake, 
for it was addressed to Naomi Hall, a person 
unknown to Johnny or his mother. 

For a week the gift was put first here and 
then there; a constant temptation to Johnny, 
whose repeated pleadings to open the package 
were denied by the mother. Then the mystery 
of Naomi Hall was cleared by a neighborhood 
friend, who knew that some newcomers down 
the road were called Hall. Two children, a big 
sister and a mother. So on New Year’s morning 
Johnny, going to town on an errand, delivered 
the package to its rightful owner. 

He had not left the premises when a terrific 
explosion almost demolished the cottage. Neigh- 
bors, running to investigate, were horrified to 
find the mangled remains of the two children 
and the big sister, and the unconscious form of 
the mother. 

Enter the sheriff and his deputies. From 


them and the injured mother the coroner's jury 


94 


Detective Story 





ANN! WWM 
Oe, 





learned that the Halls had moved to Seat Pleas 


ant, Md., from a farm some miles away, wher 
they had borne a good reputation and had 
known enemies. The daughter, who was shortly 
to become a mother, had secretly married 
voung farmer named Herman Brady, a rathe! 
lackadaisical youth from her old home 
Herman, when questioned as to his mov 
ments on Christmas morn, when the box was 


left at Johnny’s house, had no difficulty in pro 


ing that an older brother Leroy had driven 
from Washington and the two of fhem had 
duck hunting in some marshes in tne southe! 
part of the state, leaving home before daw! 
and thus were 80 miles from the Jones hom 
when the infernal machine was found. 

A detective assigned to the case had \ 
the Hall cottage, and was lucky enough | 
that he had been forestalled. Two boys 
poking about in the wreckage, looking { 
venirs. The explosion had torn a great ! 
the floor, and grubbing around in the eart 
low they had found some metal fragment 


detective, being an intelligent detective. S 
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it these might have some value as evi- 
' commandeered them — but they did 
+ me inything to the coroner's jury. “Death 
violence; murderer unknown” was the ver- 


and the case seemed destined for that grow- 


list unsolved mysteries. 
However, the District Attorney, shocked by 
s particularly atrocious crime, was unwilling 


drop the case. All the material evidence had 
ry een destroyed by the explosion, with perhaps 
exception of the metal pieces found by the 
vs and another recovered by a later system- 
search. Could these give any information? 
this dilemma he turned for advice to Prof. 
W. Wood, head of the physics department of 
hhns Hopkins University, who besides being a 
hysicist, is a ballistic expert of sorts. 
lhe fragments not readily identified as deb- 
sfrom household furnishings were six: Three 
ort pieces of thin-walled tubing, about %g in. 
tside diameter (pieces A, B and C in the at- 
ched photograph) a second and longer piece 
{tubing D, crushed flat, a stubby piece of '4-in. 


id E, with a copper disc welded on one end, 


d another piece of '4-in. rod (not shown), one 





is 


ly 


UNE 3) 





end of which was turned to a smaller diameter. 
On slitting the crushed tubing (Piece D) 
and opening it out flat, two tiny stirrups of 
metal fell out, which looked like chain links 
broken apart at the weld. Perhaps a light chain 
had been inside the tube. But, as shown on page 
%6, the interior wall of the crushed tube had 
certain corrugations pressed into it which could 
hardly have been made by chain links. These 
markings were something like a crude screw 
thread; where the tube was flattened the marks 
were very plain, but at the sharp bends they did 
not exist. They were probably the cast of the 
wire article originally inside the tube, rather 
than an interior thread, which of course would 
have run clear around the inner wall. 
Professor Wood was puzzling over how 
spiral markings could be made by a chain, until 
he studied the character of the breaks in the 


wire. It then became clearly evident that if the 


Five of the Six Fraqments 
of the Infernal Machine. A 
B, C and D are tubing; E is 
arod, O represents drilled 
holes, S a longitudinal slit. 
Vaqnified two diameters 
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Corrugations Inside Tubs 
D, and the Wire Fragments 
Which Dropped Out. Mag 


nified 5% diameters 


fessor Wood pried this 
tiny particles of white n 


hered to the edges. Test 


> 





beads with a magnet 
that they were iron é 
torn from the plug whe: 
per was removed, 

The small piece ol 
also had small fragments 
copper sheet adhering to 
piece also had evidence S Ul 


wall had been slotted o1 





ated by a tool. 
The ferrite microcrystals 


this and all the other sus 


little stirrups were reformed into a = circular pieces of low-carbon steel were strongly mark: 
chain link the two ends would not fit together with Neumann bands — a fact established 
one break was square, the other was at an angle the metallurgical department of the Bur 
with the axis of the wire. However, one end of Standards ordinarily accepted as evid 
one stirrup did fit into one end of the other, and that metal possessing them has been sul 

in such a way that the two pieces formed a com- to violent shock. 

plete turn of a spiral. How simple! What the Professor Wood’s conclusion was tl 
tube contained was not a chain but a spring. The short rod was a striking anvil and the cop; 
stirrups were also of hard steel, too hard for disc was the flattened out casing of a percuss 
chain, just right for springs. Furthermore, cap, partially fused to the low carbon st 
when Professor Wood secured a piece of light the instant of explosion by heat and press 
tubing and a steel spring from a hardware store, The surrounding tube had been blown apa 
slipped one inside of the other, and then hit the the resulting explosion and fragments of co] 
tubing a lusty blow with a sledge, the tube ac- adhered to it as well. 

quired markings similar to the one under inves- Inquiry among fire arms dealers i 
tigation. Not so deep, vet having undoubtedly more then brought out the informatio 


the same characteristics. 


The stubby piece of !,-in. rod, EF, and frag- Close-up of Pieces 
Showing Perforat 
Thin Copper cnil 
Vagnified 3 


ment A of the tube were particularly interesting. 
These are shown to larger scale in the third E 
view. A was the very end of the tube, for it had 
been cut off with a hack saw. One fitted inside 
the other, and both had a small hole drilled 
through, which fitted in such a way that the rod 
EF might have served to plug the tube end, 
pinned in place by a cotter. 

One end of the rod E was depressed slightly 
in the center and flared a little around the cir- 
cumference. To this end was attached a thin 


copper disc, perforated roughly in the center, 





as is clearly shown at the right. When Pro- 
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three makes of caps eas- 
hased; of these, two have 
sings, copper-coated. The 
iade by Remington Arms 
, sheath of pure copper of 
kness found in the = sus- 
iece. Furthermore, it was 
hat a Remington cap makes 
fit over the turned-down 
the other piece of 44-in. 
tich had been” previously 
it the ill-fated Hall cottage. 
construction of a hypothetical firing 
lism was then easy. The small tube had 


in. round fixed at one end. The other 


irried the hammer, with the percussion 


its nose, backed by some compressed 


vs, and held in place by a pin. When the 


of the candy box was opened, a string pulled 


| ) 


i 


n, released the hammer to fly down the 


nd explode the cap and dynamite. 


the Murderer’'s Inspiration 


Having sketched this device, Professor 


Vood showed it to the District Attorney. “That's 
ist the way a rabbit gun works,” said he. 
What's a rabbit gun?” asked Wood. “An auto- 
gun for killing small game,” said the 
er. Unfortunately this clue was misleading. 
\ rabbit gun owned by Herman Brady's yvounger 
ther, had a firing mechanism equivalent to 
Bands In Metal 
is. Vagnified 
diameters 
Se 
ee . o? ei. 
. = “a 
- > ; 
a a 2 n 
= + <™ 
s . 
; | a 
o 
> 5 
-_ ° -° 
-_~- -*s 
<-- - ~ . 





hed Jo Lid 
of Box 











Reconstruction of Infer 
nal Machine from 


Fragments 


the reconstructed bomb, but it was intact and 
made of different sized tubing and springs. The 
culprit, therefore, might have gained his ideas 
from dismounting a rabbit gun, but he evidently 
used metals which he obtained from some othe 
convenient source. 

Just where did he get them? What manu 


facturing industry, what repair shop, had these 


, 


materials readily available? Some place where 
precisely this tube, springs, cotters and rod were 
to be found, there the murderer was lurking 
Phe bomber evidently had free access to a drill 
press, because of the holes found in hammet 
ind tube, but he probably had no lathe, for the 
anvil was crudely fashioned possibly also in 
the drill press by chucking the round bar in 
place of a drill and reducing the spinning end 
with a file. 

So far so good, but nearly every machine 
shop or garage has these simple materials and 
tools available! But no one seemed to be able 
to identify the tubing. No hardware jobber in 
Baltimore carried the stuff in stock; in fact, its 
dimension did not correspond to the standards 
for any class of goods known to them.  Lik« 
wise all fragments of the tubing had three fine 
parallel scratches on the outside along. the 
welded scam a fortunate imperfection in the 
forming or trimming dies These lines (clearly 
shown in the first view) proved that the sus 
pected pieces were mates, and would identify 


an stock from which the bomb had been made 


The Microscope's Contribution 


Microscopic examination of the tube showed 


that it was made of low carbon strip, wiih lon 
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Microstructure of Tube Wall 
and Weld Indicated That It 
Was Made By Resistance 
Welding. Etched with al- 
coholic picric acid; mag 
nified 250 diameters 


vitudinal seam butt welded. It was slightly up 
set along the joint on the inside wall. Further- 
more, the grain structure at the joint suggested 
a resistance weld. Any flash or thickening on 
the outside of the longitudinal seam had been 
rolled or trimmed off 
the scratches seemed to be made by a poorly 
adjusted cutter. 

Tubing made from thin strip by resistance 
welding corresponds to the product manufac- 
tured under patents owned by Steel & Tubes, 


Cleveland. 
The Tubing Is Traced 


A sample was sawed from one of the frag- 
ments and sent to that company; it promptly 
brought the information that, while it was of 
its manufacture, it was not a standard product, 
but a bastard size and thickness made to order 
of General Motors and shipped to the Chevrolet 
plant. Chevrolet engineers in turn identified it 
as the raw material for a torque rod inserted 
in the steering post connecting the throttle to 
the carburetor. 

This information, of course, narrowed the 


search. The spring corresponded exactly in 
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probably the latter, for 

































wire gage and outside diameter to a short 
cal spring used on Chevrolet door latches 
',-in. round steel rod could be had any wily 
could be cut from a !4-in. machine bolt, for 
stance. Wherever a piece of scored tubing 
the springs could be found, there was the p! 


to look for the murderer. 


Thirty pieces of such tubing were found 
central Chevrolet headquarters in Baltim 
but none of the lengths were scored by the | 
culiar markings. Nevertheless, the trail led 
rectly to the Chevrolet service station in Was 
ington —-a shop which possesses a drill pres: 
but no lathe. In this shop was found a p 
tubing, scored lengthwise by three lines, exa 
the same as the bomb fragments. In this s 
was employed Leroy Brady, brother-i 
the murdered girl, an ingenious mechani 
pastime was making remote control « 
devices. The younger brother owned 
gun, which Leroy was “repairing” a f¢ 
before Christmas at the garage (althoug 
tic experts testified that the gun had ne\ 
discharged). Lastly, Herman Brady, thy 
husband, owned a muzzle loader, and a 
temington percussion caps was founé 


Brady home. 





Alloys of Iron and Oxygen 


HROUGHOUT this article the term “iron 
T oxygen alloys” is used to mean iron oxide 
(probably FeQ) dissolved in iron. It is realized 
that all implications of this terminology may 

i be correct but it does express fairly satis 
factorily the intended meaning. 

lhe element oxygen is found alloyed in iron 

varving amounts in all steels. Oxygen exists 
steel either as iron oxide (FeQ) in solid solu 
on, as small amounts of manganese oxide 
MnQ) in solid solution, or in the non-metallic 
matter distributed throughout the steel. 

lhe oxygen in this non-metallic matter gen 
rally consists of manganese oxide, silica, and 
lumina, either as such or in various combina- 
tions. If special deoxidizers are used, there will 
resultant 


ilso generally be small amounts of 


\ides present in the steel. Oxygen in these 
forms, however, is not to be considered as 
illoved with the iron, as it is present as non- 
tallic inclusions. 
in all steel making processes iron oxide is 
dissolved in the steel at some stage of the melt- 
ng. In the basic electric furnace the amount 
present is at a minimum, whereas in the open 
earth furnace and in the bessemer converter 


may be, dissolved in the liquid steel, up to 


OY to 0.605 FeO. Upon deoxidation the 
mount of iron oxide is reduced, depending 

upon the type and amount of deoxidiz- 
ers d. 


m a commercial standpoint, alloys of 








\ 
\ 
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iron and oxygen are of little importance. This 
statement refers to any beneficial results from 
the oxygen content of the finished steel. How 
ever, it Is necessary to have a high oxygen con 
tent in the process of steel manufacture in ordet 
to reduce the carbon to a low concentration 
Oxvgen is, therefore, of considerable importance 
in the manufacture of very low carbon steels 
where the desired factor is low carbon rather 
than high oxygen. In this respect, oxygen may 
be considered a necessary evil. 

Iron oxide lowers the melting point of iron 
FeO, (0.21 


approximately 10° C. when 0.94% 


per cent oxygen) is present (1). (The numbers 
in parentheses refer to the literature citations 
at the end.) 
is O44 


Che solubility of iron oxide in iron 
With increas 
ing temperature above the melting point, the 


C. the solubilits 


at the melting point(2). 


solubility increases and at 1600 


is 1.37' 


In commercial steels the iron oxide 
in liquid steel is less than the amounts stated, 
so that the variabl 


finished steel contains 
amounts, ranging from traces up to 0.27 
The solid solubility of iron oxide in iron is about 
0.22, (1), which is an estimate based on micro 
scopic evidence, so must be considered merely 


an approximation. In a recent investigation 
Krings(3) found the solid solubility of oxygen 
in iron to be 0.11 (equivalent to O0A94 FeO) 
A constitutional diagram of the iron-oxyvgen 


system, as determined by Mathewson, Spire and 


99 





Recommended 
Prac tice 
(_Lommittee 
2 ? 

Ce lease 


Milligan(8) from various sets of data, has been 
printed as a data sheet, April Mera Progress. 
Alloys of iron and oxygen forge well at 
high temperatures. Austen(4) found that the 
alloys were difficult to work in the neighborhood 
of 900° C. but this was not observed by other 
investigators. Cain(5) has found that oxygen 


in the presence of considerable amounts of sul- 


phur causes steel to be red short, but if the 


sulphur is very low the steel is not red short 
up to fairly high oxygen contents. Tritton and 
Hanson(1) and Bureau of Mines investiga- 
tors(2) found no difficulty in hot working iron- 
oxygen alloys, and in both these cases the sul- 
phur content was very low below O.010%. 
Austen gives no sulphur values for his alloys, 
and it is possible that the red shortness might 
have been due to a combination of oxygen and 
sulphur. 

lron-oxygen alloys, according to Austen(4) 
were fairly corrosion-resistant in air, being bet- 
ter than mild steel, but they were more easily 
correded in water and in weak acid than mild 
steel or wrought iron. Austen found that the 
0 CC. critical point was lowered slightly, but 
this was not checked by Tritton and Hanson’s 
work, who found no change in critical points. 

The iron-oxygen alloys are very brittle 
under impact testing(] and 2). The hardness 
increases slightly with increasing oxygen con- 
tents(2 and 4), and the ductility decreases with 
increasing oxygen content(1). Very high oxy- 
ven contents make iron cold short(1). The 
electrical resistivity of iron is increased con- 
siderably by oxyvgen(2), and apparently the 
increase in resistivity ts due to the FeO in solid 
solution, as the resistivity is unchanged over a 
considerable range of oxvgen contents above 
this solid solubility limit. 

Apparently the ultimate strength of iron is 
not affected by the oxygen content, but the elas- 
tic limit is lower than reported values for pure 
iron(2). 

According to Yensen(6), oxygen has a very 


great effect on the magnetic properti 
No definite results are given, and wor! 
phase of the physical properties of iro 
alloys is continuing at the Westingh 
search laboratory, East Pittsburgh 
states that high silicon steels for magn: 
poses probably owe their excellent proj 
the extremely low oxygen content rat! 
to the high silicon content. 
lron-oxygen alloys when carburiz 
structures in which the cementite is 
massive and very little pearlite is obse: 


der the conditions of the MeQuaid-Ehn 
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[HE FAMILIAR TELEPHONE that stands upon your 
sk at the office or in your home is only a very 
small part of the great communication system that 
ibles you to talk across the miles with such 
surprising ease. 
Behind it are complicated exchanges, a care- 
ly trained organization of more than four hun- 
| thousand men and women and eighty million 
les of wire. These are the forces that make 
ent telephone service possible. These are the 
en couriers of the spoken word. 
lirelessly, day or night, without rest or sleep, 
Bell System awaits but the lifting of the re- 
ver to carry your voice to any one of thirty-two 
on other telephone users in this country and 
ad, and on ships at sea. It is done so quickly 
with so little trouble that few people stop to 
ler what goes on between the giving of the 


ber and the completion of the call. 


* AMERICAN TELEPHONI 


AND 


Some time every day—perhaps many times a day 


you use some part of a telephone system that has 


years and more than four thousand 


taken fifty 
million dollars to build. 

Che simple words “long distance,”’ which you 
speak so casually into your telephone, place 
millions of dollars of equipment at your dis- 
posal. Yet the cost of a call from New York to 
Chicago is only three dollars and but a fraction 
of that for lesser distances. 

] quipment of compal able cost is also needed to 
connect your home with the thousands or hundreds 
of thousands of other telephones in your town oO! 
city. Yet the charge for local service is only a 
few cents a day. 

In relation to service rendered, the cost of the 
telephone is one of the smallest items in the monthly 


| 


business and family budget. Few things purchased 


are of such real, constant and increasing value 


TELEGRAPH COMPANY *® 





with (C.onl, Jrom page 59) plate remo 
vrinding has been set at 0.008 in. on the 


R O C K WwW E L L eter of a round piece. Grinding is ae 


with the same wheels used for hardened 


Rotary Carburizing although a lighter cut is taken and the tin 
Fu rnaces quired is from 1!. to 2 times as long, Phi 


must also be dressed more frequently. Ci 


| Operating Advantages Secured Chromium Plating Technique 





erable heat is generated in the process, as 
denced by the intense white spark; plent 
coolant is necessary. Extreme accuracy is 
tained by lapping. A piece of work whic! ‘ 
checked in grinding is shown in the illust: 


On page Os. 





Except that it is file hard no definite meas 
ure has been attempted of the hardness of 
plate applied under the particular condil 


existing at Phillipsburg. It may be said, how 











ever, thal service reports on plated parts 
V/ most often three to one as compared to | 
ae ANY are the outstanding advantages of this 
type of furnace in carburizing stock that may be ened steel. this relation represents the 
slowly tumbled in granular compound, within safe — 
limits and grinding and surface condition parative resistance to abrasive weat 
One asi “ESSE { 
These operating advantages include ne is easily impressed with the trutl 
chromium is hard. Its greasy “feel” also re 
Unusually Uniform case due to the even ex- : : 
posure of the individual pieces resulting from mends it for rubbing surfaces Howeve 
constant change in position while heating , 
surance that the plate will not peel or cl 
Less Time for charging, discharging and heating 
the charge; no time lost in heating, cooling and 
handling boxes Phat the desired adherence can be obta 


not so easily obtainable. 


Less Labor and more comfortable working con- is evidenced by the satisfactory performan 
ditions for the operator who is free from the labor 


of packing and handling boxes, and can easily such plated jobs as centerless grindet 


operate several furnaces . . . - ' 
P rests and drill jig bushings. Page 59 pik 
Less operating cost for fuel, compound and alloy a plate 0.007 in. thick which was) purpos 


metal for a given output. . 
dented: observe that the plate did not “juny 
Less floor space for a given output due to the 


greater production capacity of the hot revolving off.” One application to drill bushings has | 


retort. . , . 
found exceptionally fortunate, when close s 
The furnace is also well adapted to heat-treating ing requires a wall thickness so light as to 
Operations such as hardening, annealing, normal- ‘ 
izing, drawing, etc. a difficult problem in the hardening room 
It is used successfully on a great variety of stock By using chromium on a wide variel 


such as pins, cams, washers, rockers, rollers, balls, 


bolts, rings, and numerous other small parts shop repair jobs a considerable fund of 


mation is being built up which includes 
H rite r catalog No. 296-4 ; . 
a . upon the action of the plate on many typ 


service. rhis includes tool slides, boring 


W. S. R O Cc K WwW E L L C O. milling arbors, shaper crossheads,  g! 


industrial Heating Equipment 


spindles, shafts and plungers of various k 
50 CHURCH ST. | NEW YORK 


Before regular application is made to any 


CLEVELAND of the Ingersoll-Rand’s product adequate s 
Penton Blidg 


SEéerteetF 
M tice Bld , , . 
iain . ice tests are carried out. From data coll 
MONTREAL so far it appears that chromium plating 
1072 Beaver Hall Hill 


cei“ Ae @ 


537 So. Dearborn St : , 
process which must be very carefully han 


Vember of 


Member of on on » but for which there is a wide applicatl 








parts which must resist abrasion. 
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Ek. M. Silicon Briguets... 


What they are—What they do 











. Less pig iron is necessary. 





Why you should 
use FE. M. Silicon Briquets 
. 


Assure higher silicon recovery. 


. Permit better control of chemical analy- 


sis, hardness and machinability. 


. Give more uniform strength in castings 


of irregular cross-section. 


. Insure greater freedom from large graph- 


ite flakes. 


. Reduce objectionable sulphur and 


phosphorus in the charge. 


. Lower loss by reducing number of scrap 


castings. 


. Silicon in concentrated alloy is more 


effective as deoxidizing agent. 
The 2's lb. briquet contains exactly 1 Ib. 
of metallic silicon. The 5 lb. briquet con- 
tains 2 lbs. of metallic silicon. 


E. M. SILICON BRIQUETS assure 
uniformly high physical properties in 
gray and high test iron because they give 
the foundryman absolute control of the 


silicon charge in the cupola. 


Each E. M. SILICON BRIQUET con- 
tains a definite amount of metallic sili- 
con, which a cement binder protects 
from oxidation until it reaches the 
melting zone. Here, only pure silicon is 
released to the iron, and the binder 
passes off with the slag. As a result, 
silicon recovery is higher, and castings 
uniform in physical and chemical 


analysis are produced. 

E. M. SILICON BRIQUETS will give 
you better castings at lower cost. Elec- 
tromet Engineers will be glad to answer 
your inquiries on this subject. 


ELECTRO METALLURGICAL SALES CORPORATION 
Unit of Union Carbide and Carbon Corporation 
Carbide and Carbon Building, 30 East 42nd Street 
New York, N. Y. 


Electromet 
Ferro-Alloys & Metals 
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Reviews of Recent Patents 


1) 
2.) 


? . 1! 
y Ni lson | the 


Patent Attorney 
22 East 40. Street 
New York City 


Member A. S. S. 1 


Heating Furnace, /!)) Albert Lo Culbertson, the flame body to turn downwardly toward | 
Yount Lebanon, Pa. 1,789,966; Jan. 27. furnace hearth and then rearwardly to es 
this furnace provides a vertically disposed in a direction opposite to that of the move 
horse-shoe shaped body of flame above the ma- of whatever material is being heated in t! 
terial being heated at the exit or discharge end nace at the time. 


of the furnace so that the flame is hottest at the 
back or entering end of the combustion cham- Open-Hearth Steel, )y Alevander L. | 
Canton, Ohio, assignor to Republic Si 


1.794.008: Feb. 24. 








The removal of carbon during refining is ‘ 





to take place at that rate which obtains 











uct characterized by maximum cleannes 








freedom from non-metallic inclusions 





vention particularly relates to a more s 














, ' tory control of the iron oxide which ts 
ber. The hearth 2 has a low enclosing structure out by an application of mathematical f 
4 from the rear or entering end and forms a low which may be defined as a determinatt 


channel portion 5. The rear end of the struc- iron oxide according to the following « 


ture 4 is provided with an opening 6 through dv dt—.000757 kw (1.08—1 2); in whi 
which the material to be heated is charged into is the desired rate of carbon eliminat! 

the furnace. A vertical flue /3 is also provided is a constant, w is the percentage of Fe 
at the rear connecting with the horizontal flue slag and w the coincident percentage 

14 adapted to supply a regenerator for pre- in the bath at time /, the constant perce 
heated air to the furnace burners. The rear iron oxide being maintained by determ 

wall 9 of the combustion chamber & is provided iron oxide content of the slag from tim: 
with oil burners /6, and the flame from. the in the course of the refining, and adjust! 
burners will be forced steadily ina substantially content whenever this course becomes | 

horizontal plane through the upper portion of during the various stages in the proces 
the combustion chamber until it strikes the for- fining the molten steel. 

ward wall 70 of the chamber which will force (Continued on page 106 
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STILL ANOTHER JOB FOR CARBO, 


AND THE 





AL 


ELECTRIC VERTICAL CARBURIZER 


The Cleveland Steel Products Corp., Cleveland, Ohio, 
manufacture Universal Drive Shaft Joints of the high- 
est grade, which are now being carburized in the 
Electric Vertical Carburizer. Certain portions of the 
joints must be protected against carbon penetration 
which is effected by copper plating the surfaces that 


TRADE MARK 


must be retained soft for machining. By using Carb- 
onal, complete protection is acquired, neither carbon 
penetration nor copper migration occurring. The 
product is uniformly excellent and the operating 


cost exceptionally moderate 





HEVI DUTY 





H:E-V-1=D-U-Y ELECTRIC 


Reg. U S. Pat. Off. 








COMPANY 
MILWAUKEE, WIS. 


BRANCH OFFICES IN PRINCIPAL CITIES 
In Europe: G. W. B. Electric 
Furnaces, Ltd, London 

















Hectrode, Py Arthur Percy Strohmenger, 
London, England, assignor to Quasi-Are Ine 
Vew York. 1,794,042; Feb. 24. 


his invention contemplates a substitution for 


an electrode’s usual mild steel cores which are 
unsatisfactory when subject to stresses at high 
temperatures. In order to obtain a homog 

neous weld metal offering a high resistance to 
corrosion it has been found that it is necessary 
to introduce additional manganese into the core 
of the electrode. The coeflicient of expansion 
for changes of temperature is at a minimum be- 
tween OA. and 0.5. of manganese, and many 
physical properties appear to undergo a change 
within this range. The percentage of man- 
vanese required in the metal forming electrode 
by the are welding process is in the neighbor- 
hood of .fo'). The physical properties of the 
deposited metal are also improved not only 
when under stress at normal temperatures, but 
also when stressed to a condition of strain at 
the higher temperatures about 900° C.. as for 
example when forging or otherwise deforming 


the metal. A certain percentage of silicon can 











also be introduced with advantage as it 
reduce the loss of manganese during 
tion. The preferable formula for the ec 
that contains a quantity of manganese 
ing upon its diameter and varying inve 
the diameter from 2.25‘. to 4°. for « 


tions of electrode cores from O.O42 to OO 


Electric Induction Furnace, by 
Fitch Northrup, of Princeton, New Jer 
signor lo Ajaa Electro-thermic ¢ orpora 
Vjax Park, New Jersey. 1,795,136, Mar 
Currents of normal frequency are supp 
the coil of this furnace by transformers 
a number of secondary windings whi 
both an individual and a combined ind 
action on the charge, the effect of whi 
produce a wave of magnetism which will 
Irom top to bottom or from bottom to 
the charge. The inductor is free from is 
of transformer iron and has a common 
of energy for each of the separate ind 
coils in the furnace. 


(Continued on page 108 








The VICKERS HARDNESS TESTING MACHINE 
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TERRITORIES OF UNITED STATES 
AGENTS FOR THE VICKERS HARD 
NESS TESTING MACHINE: 


MR. W. T. BITTNER 
330 South Wells Street, Chicago, II! 


4 


THE RIEHLE BROS TESTING MACH. ¢ 
1424 N. Ninth St., Philedelphie, Pa 
A nited Stat terr y ex ve 


ment ned State and 


CANADA: 
MESSRS. WILLIAMS & WILSON 
84 Inspector Street, Montreal, P. O 


NO STEEL OR ALLOY IS TOO HARD FOR TESTING ON THE VICKERS 
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WHERE HEAT-TREATING 
pecomes an INDUSTRIAL ART 





i. ARCH experience brains — judg 


nent all have combined in raising heat- 


treating trom a job to an industrial 


{nd keeping pace with the progress of this 


important work has been the electric tur- 6 
naces equipped with Globar Brand Non- | , 
Metallic Heating Elements. | 

/ 


Heating elements that give a unitorm tem- 


"A 
| pr 
perature easily, closely controlled a <¢ lean, Cc ’ 


even heat that greatly reduces or entirely 


eliminates scale creating heat-treating Con Gleobar evi in , 
ditions that make possible a greater produc- 4 
Lf ot better treated products. 
GLOBAR C ORI ORATION 
\ s~EBSIDIARY OF TI (ARBORLNDLELM COMPANY 
NIAGARA FALLS, N. Y. 
PACIFIC ABRASIVE SUPPLY CO.,SAN FRANCISCO AND LOS ANGELES TEINMETZ & CO., PHILADELPHIA 
WILLIAMS & WILSON, LTD., MONTREAI TORONTO, CANADA 


RITISH RESISTOR COMPANY rD.. MANCHESTER. 1 
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Copper Alloy, by Vichael G. Corson, Jack- amount ol copper, and either a part ol 


son Heights, N. Y., assiqnor of Three-Twentieths or the zinc may be replaced by about 
lo George H. Corey, Bayside, N. \ 1,792,146, weight of aluminum. These alloys can | se 
Feb. 10 as cast or be forged, rolled or extruded 


The allovs covered by this patent consist prin- 


cipally of copper, tin, and zine, and are char Cementation Process, /)') //erman: 
acterized, when properly treated, by properties denberg, Frankfort-on-the-Main, Germar 
viving them special utility when used in form signor, lo the Roessler & Hasslacher Ch 

ing lubricated wearing surfaces. Such alloys of Co. 1,796,248; March 10. 

the tin bronze group have a soft ground mass The evaniding of iron is very. effective 
serving as a matrix for a second constituent, the finely divided carbon is the cementing mat 
delta phase, of considerable hardness and pos The cementing temperature depends upe 
sessing good bearing qualities. It has been depth of cementation desired. In one typies 
found that ternary bronzes can be made to be- operation a bolt of low carbon iron was heated 
have much like complex brasses, alpha plus to 990° C. for two hours in a fused bath of sod 
beta, in their ability to be hot worked when and sodium chloride containing 1 of 
brought into the beta state and to retain a high finely milled wood charcoal. The bolt was t| 
strength with considerable ductility in the cold quenched. The hardness of the bolt was 
state. Such alloys can be prepared within the creased by this procedure from 13 on the Rock 
following range of proportions: Tin, 1-18: ; well scale to 12 Rockwell, whereas in a fuse 
zine, 10-3503; balance of copper. The amounts salt bath of the same composition but fre: 
of zine and tin depend upon each other. The carbon, the same kind of a bolt heated unde: 
more zine the alloy contains the less tin it may identical conditions showed a hardness 
contain. Small amounts of nickel, preferably only 20 Rockwell. 

round 38°), may be substituted for an equal (Continued on page 110) 











SIMONDS 


High Speed Steel Carbon Tool Steels Cobalt Magnet Steel | 
Tungsten Magnet Steel Chromium Magnet Steel | 
Heat Resisting Alloys 


Special Grades for Electric Purposes 





Low Expansivity (minimum coefficient) types 
Stainless Steel Stainless Iron Sheets Bars 


Cold Rolled Strip 





SIMONDS STEEL MILL— SIMONDS SAW and STEEL CO. 
LOCKPORT, N. Y. 
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All FAHRITE Carburizing Containers 
are manufactured under Henderson 
Patent No. 1,270,519. A variety of 
containers is made to suit varying 


demands 


SHEET CARBURIZING Boxes 
THAT ASSURE ...LONG LIFE... 


“oe MAXIUM RESULTS 


Alloy Foundry 
In heat-treating departments throughout industry FAHRITE Car- 
burizing Boxes are giving unusual service. Because of their long 





life under continuous service they have proved extremely econom- 
ical... dependable .. . resultful. 


Sheet Carburizing Boxes . . . made from FAHRITE the modern 
RIL OY Grdmon oF Heat Resistant Alloy—can be fabricated in all sizes and shapes 


THE OHIO STEEL FOUNDRYCO to. meet your special specifications. 
SPRINGFIELD, OHIO 








SALES OFFICES Our engineers—experts in solving alloy problems—will readily 
Chi 1313P ! . . . ; 
lee anise nee consult with you on your requirements. Without obligation, of 
Philadelphia 22S. 15th Se 
Cleveland 1510 Terminal Tower Bidg course. 
New York 72 West St 


Tulsa 422 Wright Bidg 
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localized hardening to cast 


localized Hardening, by Carey 
17944405: 


It is best to apply 


Davis, ¢ hicago. 


steel car wheels containing manganese in which 
the 


important so that the wheel may wear both uni 


the uniform hardening of wheel treads is 


formly in surface and not lose its circular char- 
acter, and also that the hardening be localized 
at the tread and throat, most usually in contact 
with the rail head. 
ot 


perature ol 


This method of tempering 


heating and maintaining the tem- 
the ¢: 


critical range, quenching a localized area of the 


CONSISIS 
iv wheel, casting above the 
peripheral surface adjacent to the heel by the 
application of a quenching fluid, omitting por- 
tions of the tread between the heel and flange, 
withdrawing the quenching fluid and permitting 
reheating of the localized area from the main 
of the 


entire peripheral surface before the casting Is 


body casting and then quenching the 


cooled below the critical range. The result of 
the various steps is that the car wheel has a 
main tread or wearing surface of great hard- 


ness, and at the same time the heel or outside 


of the treated portion of the rim is softer and 


more ductile, and therefore is much st) 


under impact and will wear more unifo) 


Pipe Welding, 


waukee, 1,794,563; 


by Howard J. Burnis!} 
Varch 3. 

In this process the edges 7 and 2 of the ply 
provided with a tongue and groove interlo 
outer corner 4 of the edge 2 preferably bei 
away to provide a groove 5 along the sean 


ro 











welded. A> grooved chill block 8 molds 
lower parts of the edges and prevents 
due to the high concentration of heat. The 


locking of the edges alines the seam and a 
the of 


other contaminating el 


application pressure as well a 


cludes air and 





Radiographs may 






















effect a decided 


saving for you! 


Let us co-operate with you to find out 








of the newest as well tool of medical 
sti rt tae uses to vnicn tne 
j 
its int f ring Is oeen put are exe 
tionofthex-rayfor booklet. It will be 
ructive e ne- na. Pleasere 
} tured roa- tests f prod te j 
/ r in , h ¢ be r 
tr | ee € tT 
eye Is f } ization. It will sty 
S$ re | airy to f j out hethe rf 
Itsasitdid when ra h place in 
This radiograph was made to | , ; 
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the service 
c X-Ray Corporation, 2012 Jackson 
GENERAL i itary py of “Industria! Application of the x 
r > T ! 
X-RAY CORPORATION i Signed 
_ ! 
2012 Jackson Boulevard Chicago, IIL, U.S.A. i: 
7 rm 
FORMERLY VICTOR Die] X-RAY CORPORATION 
nus in the General Electric program broadcast every ! City tate 
Saturday evening over a nationwide N C. network 4 
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These 
Castings 





but their production 
is two different stories 






Iwo different shops furnished th - 

dentical t s partofa f iff 

exact customer s {) 
Be 1 made the gra with th 

tomer’s inspect Both check , 

every ¢ ca mens Both ar . Ww . . 
y castings from flaws a \ : H 

Motor operating fects. In other words, they ar 


hoth globe and 
butterfly valves 





: Cc e bak n i 
“tempera Sa \ l 
’ ind ey Its hist s 
i 1itiess tt fw 
iiS \W posing N ¥ 
8) I gh the specifica 4 fina | 
a S ik 4 
Ty No. 2? comes from a t - 
ype V-30 gas valves ° ek, 
fay AB. . t ft N 
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é 
except for or thir m 
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MINNEAPOLIS-HONEY WELL 
2809 Fourth Avenue, Sor 
Canada: Minn 


” 
2 , 

) oe 
Branch /yyi 


REGULATOR 
Minnesota 
ap s-Honeywell Regulator Co., Ltd., Tor 


th, Minneapolis 


I 





New York, Philadely i, Boston, Provider Detr 
Indianapolis, Chicago, St. Lo Milwauk San Frar ovr 
Export: 801 Second Avenue, New York ; ( ’ 
Te mperature controller ee — 


MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


2809 Fourth Ave. So., Minneapolis, Min: 
Send me pamphlet on Industrial Process Contro 

MINNEAPOLIS | 2 22 2ceentie eI 

1 Have representative call. I understand at 

Nam 
INDUSTRIAL REGULATORS | *’”_ 
HONEYWELL] <” 

City c 








COMPANY 


1 Montr 








Metallurgical Index 


ALUMINUM ALLOYS 

Les alliages légers et leur traite 
ment (Light Alloys and = Their 
Pfreatment), Simmonnet. Revue 
ade Ulndustrie Vinerale, no, 247, 
Apr. 1, 1931, pages 122-128. 

Account of author’s experiences 
with forging and heat = treating 
light alloys for automobile parts 
and aircraft engines; influence of 
different constituents; explanation 
of phenomena of hardening and 
aging; casting and forging light al 
loys; hardening and annealing; 
welding of treated allovs: corro 
Sion; study to allovs with alumi 
num base. 

Aluminiumguss in Dieselmotor 
enbau (Aluminum Castings in Die 
sel Engine Design), W. Hartlh Au 
fomobiltechnische Zeit... vol. 34, 
no. 4, Feb. 16, 1931, pages 94-98, 
31 figs. 

Practical examples — illustrate 
proper utilization of light metals 
in highly stressed castings: data 
on physical properties and meth 
ods of reducing notch effect. 

The Effect of Artificial Ageing 
Upon the Resistance of Super 
Duralumin to Corrosion by Sea 
Water, K. L.. Meissner. Inst. 
Vetals Advance Paper, no. 557, 
Mar. 11-12, 1931, 15 pages, 12 figs. 

Corrosion tests were carried out 
in North Sea between high and 
low watermarks with = strips of 
superduralumin, 2 mm. thick 
(duralumin containing 0.8 per 
cent silicon) for 3 months. 


BRASS 
Deep-Etch Test of Brass, W. F. 
Graham and L. A. Meisse. lin. 


Foundrymen’s Assn._Trans., vol. 
2, no. 2, Feb. 1931, pages 810-822 
and (discussion) 822-825, 5 figs. 

Result of deep-etch test of cast 
red brass, using nitric acid as 
reagent; test reveals not only in 
clusions and character of metal 
from oxidized or reduced stand 
point, but also porosity, lamina 
tions or actual fissures which are 
not visible to eve in unattacked 
fracture. 

rhe Metal Arc Welding of Cop 
per Alloys, lL. T. Hook. im. Weld 
ing Soc.—JL, vol. 10, no. 4, Apr. 
1931, pages 31-37, 4 figs. 

Effect) of impurity in base 
metals and metal are electrodes; 
fluidity of copper = alloys; high 
electrical conductivity connec 
tions; metal are welding of brass, 
Phosphor bronze, ambrac and 
everdur. 

Die Pressing of Brass and Cop 
per Alloys, J. R. Freeman, Jr. Am. 
Inst. Min. Met. Engrs.—-Tech. Pub. 


no. 391, Feb. 1931, 8 pages, 9 figs. 
Die pressing is defined as meth 
od of producing irregularly 
shaped parts by hot deformation 
in die under pressure; details of 
modern technique of making die 
pressing of brass and copper al 
lovs; importance of die design; 
adjustment of temperature © of 
pressing; finishing pressings and 
preparing for shipment. 


CAST IRON 

Die zeichnerische Auswertung 
des Biegeversuchs (Graphic Eval 
uation of Bending Tests), R. 
Mitsche. Giesserei, vol. 18, no. 12, 
Mar. 20, 1931, pages 246-247, 4 figs. 

Generally applicable method of 
determining bending strength by 
graphic means. 

kifects on Cast Iron ol Pro 
longed Heating at 800-1100 Degs. 
Fahr., KR. S. MacPherran and R. H. 
Krueger. Ln. Foundrymen’s 
issn.—-Trans., vol. 2, no. 2, Feb. 
1931, pages 826-855 and (discus 
sion) 855-863: also author's 
closure, pages 863-864, 16 figs. 

Various types of cast iron were 
heated for 9500 hrs. at tempera 
tures up to 1100 deg. fahr., after 
which physical and chemical tests 
were made to determine effect; 
high silicon materially accelerates 
decomposition of pearlite, and 
nickel does same, although = to 
lesser extent; low silicon and low 
carbon with finely divided graph 
ite Nakes tend to delay this action; 
chromium increases — tensile 
strength at room temperatures and 
delays decomposition of pearlite. 

Some Phases of Heat Treatment 
of Cylinder and Alloy Irons, F. 
J. Walls and A. Hartwell, Jr. Am. 
Foundrymen’s Assn. —-Trans., vol. 
2, no. 3, Mar. 4931, pages 865-890 
and (discussion) 890-896, 16. figs. 

Relief of stresses and physical 
changes of evlinder irons by vari 
ous heat treatments, with partic 
ular regard to chromium-molyb 
denum and chromium-nickel-man 
ganese cast Irons; to obtain maxi 
mum relief of stresses and mini 
mum of growth and changes in 
hardness, heat at 950 deg. fahr. 
and follow by slow cooling: 
microphotographs illustrate struc 
tural characteristics after various 
heat treatments. 

MALLEABLE. Unitied Methods 
of Producing Malleable Cast Iron, 
_ Nekriti. Vestnih Vetallo 
promyshlennostt, no. 6, June 1930, 
pages, 78-97, 34 figs. 

Report on experimental study, 
made at Lyudinov iron works on 
casting of nipples and their treat- 





In the prepara 
the Metallur 
dex by the stat 
Imerican So 
Vechanical Ek» 
some I800 
and ftorete 
publications 
larly searche 
this mate? 
239 is 
with this select 
dex to those 
which deal part 
ly with ste 


and relates 


n fe 


ment; study of chemical 
crostructural changes: test 
wedge shaped specimens of 
able cast iron. 

Festigkeit und Wandsta 
Gausseisen (Strength ma 
lhickness of Cast Iron), A 
Giesserei, vol. 18, no. 12, M 
1931, pages 237-241, 4 figs 

Review of literature 
with relation between st 
and thickness of cast iro 
parison of experimental 
shows possibility of setting 
near future diagram for st 
of cast iron, from which 
properties of cast iron ca 
determined; such a= diag 
presented. 

Fatigue Stresses, with S; 
Reference to the Breakage of 
F. Bacon. Engineering, \ 
nos. 3397 and 3399, Feb. 2 
pages 280-282 and Mar. ¢ 
341-344, 6 figs. 

Laboratory fatigue tests; 
properties of cast irons; 
stresses in bottom roll: 
failure of laterally loaded 
hair cracks in fatigue f 
classification of fatigue |! 
according to hair crack « 
transverse bending of cas! 
influence of roll diamete! 
age; influence of depth 
running strength. of rolls 
S. Wales Inst. Engrs. 


COLD WORKING 

The Manufacture of Cold 
Steel, kK. 1). Pownst nad 
Vill Fo vol. 5. no 3. Ma 
pages 195-200 and 204, o 

Methods and princly 
ploved in cold drawing st 
wire and tubing; appli 
such products. 

Physical Values Assist 
fving Cold Strip Il, J. S. 4 
Steel, vol. SS, no. 12, Mat 
pages 40, 42-43 and 46, 41 

(Continued on page 1 
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A New Polisher for Advanced Metallography 














6. Bowl slopes to draincock 


7. Cloth held to disc by counter- 
balanced ring positive grip 
on cloth of any thickness 


The Fisher Metallographic Polisher 
with ten desirable features: 


Any speed from 200 to 1200 
p.m. (progressive accelera- 


not in steps 
8. 8-inch disc allows adequate 


Full torque at all speeds surface for macro specimens 


9. Splash-ring turns excess polish- 
ing solution down into bowl 


Direct drive eliminates vibra- 


4 Non-corrosive disc, bowl and 
splash ring 





BALL BEARING CHROMIUM 
THROUGHOUT Fisher Metallographic Polishers PLATED 
installed in Metallurgical De- DUST COVER 





partment of Carnegie Institute 





of Technology. 
mh accent . 
FISHER SCIENTIFIC COMPANY 
PITTSBURGH <> PENNSYLVANIA 





























JESSOP’S 
ALLOY “C’ STEEL 





NON-ABRASIVE ... NON-DEFORMING 








Tungsten Powder . . . 97-98% HIGH PRODUCTION 
Pure Manganese . . . 96-97% 
Ferro-Chromium ... . 60% TOOL and DIE 
Pure Chromium ... . 97-98% STKE] 
Ferro-Tungsten .... 75-80% on 
Ferro-Titanium .... 25% 
Ferro-Vanadium. . . . 35-40% MANUFACTURED IN SHEFFIELD, ENGLAND 

(1% Silicon) 

a 


END FOR PAMPHLET NO 2021 


METAL & THERMIT || w 
m. Jessop & Sons 
CORPORATION a 
20 BROADWAY, NEW YORK CITY NEW YORK, 121 Varick St BOSTON, 163 High St 


TSBURGH + CHICAGO - S. SAN FRANCISCO + ALBANY - TORONT( CHICAGO, 1857 Fulton St DETROIT, 8116 Tireman Ave 









































Physical values representative Well i Zett. fuer klektrochemis Electric Heating Insure 
of commercial tempers and based vol. 37, no. 3, Mar. 1931, pages 142 Production. Elec. Wor 
upon test of low-carbon product. 156. 16 figs no. 15, Apr. 11, 1931, | 

Cold Working Followed by \! - series of ehe 1¢ il tests i ad i OSI. 3 Hes. 
nealing, Rh. L. Geruso. Heat Treat ilvsis. Bibliogr iphy. After considering adva 
ing and Forging, vol. 17. no. 2. gas, oll and electricity, e] 
Feb. 1931, pages 139-142, 1 fig. ELECTRIC FURNACES was decided on at Pratt & 

Survey of researches by Eur Klectris Annealing of Alu ney Aircraft) Corp.: rea 
pean and American authorities ii intum. Foundry Trade Jl., vol. choice of electricity are 
cluding Jefferies ind Archer, 14. no. 763, Apr. 2, 1931, page 244 Bright Anneals in Artif 
French and Tucker: study of el 1 fig see also Metal Industry mospheres, J. ¢ Woods 
fect of annealing at temperature (Lond vol. 38, no. 14, Apr. 3 Il., vol. 38, no. 4, Apr. 19 
ranging from 0 to 600 deg. cent. 1031, page 364, 3 figs ind Mech 246-247, 3 figs. 
on physical properties, tensior World, vol. 89, no. 2310, Apr. 10 Possibilities of anne 
Rockwell, bend and Impact tests 1931, page 343. itificial atmospheres, 
of 0.22 per cent and O89 pel Po facilitate precise mnealing process 1s” still in deve 
cent Mn steel, cold worked 4. 6 of aluminum sheets on large seal stages, are not known: | 
8S. 12, 16 and 20 per cent respec General Electric Co. has installed certain surtace conditio 
tively large single-track moulti-car type obtained that reduce ni 

electric annealing furnace which subsequent operations and 
CORROSION has effective hearth area 24 ft. increase die life and red 

Werkstoffe Physikalische Eigen- long by 7 ft. 5 in. wide in works of chine work; various types 
chaften und Khorrosion, E. Aluminum Corp., Dolgarrog, Cat tric furnaces are illustrates 
Rabald. Leipzig, Otto Spammer, narvonshire; furnace has electric Klektrische Gluehanla 
1931, 2 v.. illus... tables, 128.-r.m.., loading of 150 kw., heating el Metallwerken (Electri 
bound 135.-r.m. nents arranged to ensure phasal Freatment Furnaces i 

Remarkable summary of litera- balance on 440-volt, 3-phase, 50 Plants), K. Tamele. V.D 
ture on corrosion of metals and evele supply. vol. 79, no. 13, Mar. 28, 1931 
non-metals; author has examined \ New Cyanide Furnace, R. 1 383-387. 12 figs. 

aterial published between 1897 James and G. Colev. Franklin Brief description of 
and 1929, and gives salient facts Inst.—Jl.. vol. 212. no. 3. Mar signs of electric resista 
in brief form, with references to 1931, pages 327-334, 3 figs. haces and their operati 
sources; bibliography contains Furnace was placed on trial acteristics; general consid 
ibout LO.000 items; index by at plant of Gemmer Manufacturing regarding design and select 
ct king agents is included, ena Company of Detroit for life test HEAT TREATMENT 
jing proper materials for any under operating conditions; this 
purpose to be found quickly. Eng service Was as severe as any cya Beitrag zul Wirtsch 
Soc. Lib., N. \ nide pot service because ot heavy Waermebehandlung des 

hKorrostonsbestaendigkelt von production required from these (Economic Heat Pre . 
Chrom-Nickel- Eisen -Legierungen pots; they are used for hardening Steel), E. Bos k. Vase 
(Anti-Corrosion Qualities of Chro steering gear sectors and maxi vol. 10, no. 4, Feb. 19, 193 
ninum Nickel -ron Alloys), I mum production is required. (Continued on page 1 












































> How 
TO GET PROPER 
RESULTS IN THAT PICKLE ROOM 





CALL Us AND THE QUESTION IS ANSWERED 


THE WEAVER BROTHERS COMPANY 


9313 SANDUSK Y AVENUE, CLEVELAND, OHIO 
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HIGH TEMPERATURE ALLOY 
Carburizing Thoxes 





MICHIGAN STEEL CASTING COMPANY 
1980 GUOIN STREET - DETROIT, MICHIGAN 


SCO Castings, Bars, Sheets, Wire, Welding Wire- 
SCO Specially Designed Cast or Sheet Carbu- 
g Boxes - MISCO Fabricated Nitriding Con- 
s - MISCO Cyanide Pots and Dipping Baskets 


MISC © Retorts - MISC © Furnace Parts - MISCO 
Chain - MISCO Trays - MISCO Rivets, Bolts and 
Nuts-MISCO Rolled Protection Tubes Ret 
Wearing Strip (Roof Pat’d. Type) Rolling Mill ¢ 





1931 129 











Methods of improving quality of 
product and reducing cost of heat 
treatment by application of 
known tempering and hardening 
processes; data on quenching 
media and hardness’ obtainable 
with different types of — steel; 
microphotographs illustrate effect 
of treatment on crystal structure. 

Le procede grunewald de recuit 
en blane (Grunewald Process of 
Bright Annealing), R. W. Meunier. 
Revue Unive rselle des Wines vol. 
», no. 4, Feb. 15, 1931, pages 102 
106, 7 figs. 

kconomic advantages of Gruene 
wald process, method ol anneal 
ing; metal is annealed uniformly 
it most favorable temperature and 
without trace of oxidation 

Continuous Bright Annealing of 
Steels in Hydrogen, F. C. Welley. 


Fuels and Furnaces, vol. 9. no. 3 
Mar. 1931, pages 303-304, 1 fig. 

Fundamental principles invols 
ed in continuous bright anneal 
ing of stainless irons and low car 
bon steel sheets. Before Am. Inst. 
Min. and Met. Engrs. 

Phe Effect of Various Annealing 
Femperatures) on Cold Worked 
Low Carbon Steel. Vich. kena. 
Kavperiment Statton—Bul., no. 35, 
Mar. 1931, pages 3-17, 22 figs. 


Results of experiments made to 
determine best temperatures for 
imnealing cold-worked low-carbon 


steel; it was found in general that 
best annealing temperature lay 
just below lower critical point; 
steel that is annealed above crit 
ical range unless cooled” very 


in as perfectly an 
one annealed 


slowly, is not 
nealed condition as 


at 1250 deg. fahr.; annealing tem 
peratures below 1000 deg. fahr. 
were not found satisfactory. 
Veredelung mechanisch vol 
behandelter Bleche durch ein 


neues Verfahren der Warmbe 
handlung (Improving Mechanical 
ly Preheated Sheet by New Meth 
od of Heat Treatment). Zeit. 
fuer die Gesamte Giesseretpraxts, 
vol. Ol, no. fo, Nov. ©, 1930, 
(Metall) pages 183-184; also 
brief translated abstract in ZJnsf. 


see 


Vetals—Jl., vol. 47, pt. 3, Mar. 
1931, page 173. 


Method suggested consists in an 


nealing metal at fixed tempera 
ture, not less than maximum pre 
viously attained, for 30 min. only; 


marked improvement in mechani 
cal properties was obtained for 
brass and aluminum alloys. 

New Carburizing Bath Atfords 
Increase in Depth of Case, kK. C. 
Moffett. Steel, vol. 88, no. 11, Mar. 
12, 1931, pages 38-40 and 42, 3 figs. 

Hardening steel in bath of 
um eyvanide largely has been con 
lined to depths under 0.010 


sodi 


case 


in.; limitations, however, have 
been removed by salt bath com 
posed of sodium and calcium 
chlorides and activating ingredi 
ent. Before Am. Soc. Steel Treat 
ing. 


METALLOGRAPHY 

CEMENTITE. Investigation § of 
Action of Cementite Solution = in 
Carbon Steel and = Influence of 
Heterogeneity of Material on Same 
(Undersokning rorande mekanis 
men vid cementitens losning 


kolstal, ete.), E. Walldow. 


hos 
Jern 


130 


kontorets inmnaler (Stockholm 


vol. 85, no. & 1930, 377-431, 81 
figs 
Phenomena occurring when 


alpha-steel changes to gamma-steel 
with simultaneous dissolution of 
cementite; change occurred oO 
different parts of test piece and at 
different) temperatures, this 
been compared with occurrence of 
unevenly distributed impurities In 
technical attempt is) made 
to prove has effect on 
inpurity. 


STRUCTURI 


has 
ste el: 
that silicon 


Grain Retine 


nent. Metallurgist (Supp, to Engi 
neer, Lond,), Oct. 1930, 146-147. 
Researches have led to general 
idea that fine grain size implies 
superior quality) and properties 
ind that coarse grain is always 
undesirable, but it seems that in 
certain cases it is coarser rather 
than finer structure that affords 
longest resistance to gradual flow 
and rupture; what is needed ts 


W hole 
with ob 


basis of 


research on 
solidification 
providing better 
knowledge of 


deep Somes 
process ol 
ject of 
scientific 


METALLURGY 
Der 
netische 
tudinal 
Keifect), J. 
Physik, vol. 
LOS0, 


also 


pt OceSS, 


longitudinale thermomag 
Potentialeffekt (Longi 
Phermomagnetic Potential 
Zahradnicek. Zeit. fuer 
66. no. 5-6. Dee. 3. 
pages 425-430, 3 figs.; see 
brief translated abstract) in 
Inst. Vetals a... vol 17, pt. 
Mar. 1931, pages 133-134. 
Longitudinal thermomagnetic 
potential effect refers to fact that 
potential drop in wire heated, say, 
by electric current, is changed 


when wire is subjected to action 
of transverse magnetic field; phe 
nomenon is best shown by ferro 
magnetic metals; two methods of 


investigating phenomenon are de 
scribed. 
Metals, C. J. 


Grases in Smithells. 


Vetal Industry (Lond. vol. 38, 
no. 10, Mar. 6, 1931, pages 261-264 
and 268, 3 figs. 

Adsorption ot 2ases by metals: 
solubility of hydrogen in various 
metals; nitrogen; gases extracted 
from copper at 1290 deg. cent.; 
gas extracted from nickel at 1470 
deg. cent.; vacuum melting; pre 
solidification; tin, aluminum and 
brass; nitrogen treatment; chlo 


rine treatment. Before Inst. Metals. 


Diagram of lron-Manganese Al 
lov a. \ I ivobok. Heat Treat 
ing and Forging, vol. 17, no. 2, 
Feb. 1931, pages 153-154, 2 figs. 

Theory and fact in construction 


of constitutional diagram. 

Characteristics of Rimmed Steel 

Il, E. CG. Bitzer. Blast Furnace 
and Steel Plant, vol. 19, no. 3, Mar. 
1931, pages 415-417 and 422, 1 fig. 

Relation of various factors de 
termining quality of product; iron 
oxide-iron carbide reaction: table 
gives data on proper temperature 
for rimming steel; segregation 
phenomena. 

Les methodes 
rapides de 
metallurgiques 
Methods ol 


industrielles 
dosages et d’analyses 
(Rapid Industrial 
Metallurgical An 
alysis), G. d’Ardigny. Fonderie 
Vi de rie, vol. 25. Jan. 25, 1931, 
pages 31-33, 3 figs. 


Review ol standard 
and apparatus used ir 
and compounding of 

Texture of Metals 
Deformation, F. Wever 
Vin. and Met. Enars. 
for mtg. Feb. 1931, 25 
figs. 

Resume of 
with X-ray; 
reflection 
cold-deformed metals: 
study of cubic metals: ” 
cold-compressed 
cold rolled metals: tex 
plane parallelepipedal 
sion: analysis of textur 
mation texture; bod 
cubic metals; correlation 
ing process. Bibliograp 

New Manganese-Silic 
for the Deoxidation of 
H. Herty and G. R. Fitte 
Bur. Mines—Report of 
lions, 
3 figs. 

Major object of series 


earlier 
camera 


no. 3081, Feb. 1931, 


1 


Sat pit 
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ly 
Py 
pag 


investis 
appal 
projection; text 


res 


text 


metals 


ture 
Ci 
coe 


V-ct 


Witt 
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Stee 


rel 
Inve 
14 


ol 


gations on deoxidation was t 


deoxidizing material wh 
thoroughly deoxidize 5s 


ich 
teel 


and in this deoxidation 
form reaction products 
were fusible at steel making 
peratures and which y 


\ 


coalesce with one another t 
very large inclusions with 
ant quick cleaning of metal; 
of manganese-silicon alloy 
scribed in this paper fill fu 
of such deoxidizing material 
ior results of deoxidatior 
manganese-silicon alloys. 
Zur Deoxydation des 
mittels neuer Mangan-Sili 


Legierungen (Deoxidation 
by Means of New Manga 
Silicon Alloys). Metallboers: 
21, nos. 25 and 29, Mar. 28 
pages 980-581, and Apr. 11 
676-677, 1 fig. 

Oxide inclusions and th 
moval: three different deoxi 
methods for obtaining best 
position of inclusions e: 
of iron oxide, manganese 
and silicic acid: compostil 
manganese-silicon alloys u 
these tests. 

French Versus America! 
Steel, E. S. Lawrence. Heat 
ing and Forging, vol. 17 
Feb. 1931, pages 133-136 a 
S figs. 

Study of full finished 
drawing sheet manufact 
sheet mills of France and tts 
parison with methods utill 
United States: data or ec 


tion and crystal structure 


(Continuation of serial 

\ Highly Sensitive I 
Measuring Stresses an 
tions, J. Hedberg. Civ 
Y.), vol. 1, no. 6, Mar. 1 


240-541, 1 fig. 


Measurement is) acco 
galvanomete! 


by reading 
ing fluctuations in plate 
vacuum tube, caused b 
capacity of manometer ¢ 
in resonant 
manometer with alt 
plates found capable of 
accurately movements ol 
in., producing straight 
tionship between dette 
galvanometer reading 
(Continued on page 
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TRANSMISSION 


...through gears of Nickel Bronze 


ETALS, like human beings, have individual 
AE ccnmacuiee Sometimes the same 
metals work together in perfect harmony. Some- 
times they fight, causing friction. 

In the case of worm gears, for instance, 
seizing and spalling are prevented by using a 
bronze worm with a case hardened Nickel Stee! 
pinion—for this pair of metals will work to 
gether harmoniously under pressure. But since 
ordinary bronze is normally not strong and 
tough enough for such service, it has become 
customary to use a Nickel bronze alloy for worm 
gears. The result is a greater fatigue limit, a 





higher yield point and increased ductility. 

Nickel bronze worm gears are well nigh 
standard for speed reducing units and other Reap cplemecrsetits 2») Greater re eee oe 
equipment where a steady flow of power must — cies " ; 
be transmitted through gears. 

This is one more example of how Nickel can 
be alloyed with other metals to secure a definite 
improvement in physical properties. Additional 
details are contained in our publication“Some o_ 7 HE INTERNATIONAL NICKEL COMPANY, ENC. 


Effects of Nickel in Bronze Foundry Mixtures . Miners, refiners and rollersof Nickel. Sole producers of Monel Metal 
G7 Wall Street, New Vork, %. ¥. 


Nickel|-~ 


PERFORM SETTER tOneeeR Nickel 
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The Deformation of Metals | 
det Prolonged Loadings Th 
Flow and Fracture of Aluminu 

I, D. Hanson and M. A. Wheeler 
Inst. Metals ldvance Pape r, no 
554, for mtg. Mar. 11-12, 1931, 29 
pages, 25 figs. 

Experimental work carried ou 
vith view to studying mechants 
of flow and fracture under pre 
longed loads: author's observa 
tions have bearing on theory 
slip and rupture put forward by 
Gough, Hanson, and Wright. 

Some Notes on Blue Brittlenes 
L. R. Van Wert tin. dust. Mir 
and Met. Enars Tech. Pub., we 
104, for mtg. Feb. 1931, 11 pag 
» gs 

Experimental observations « 
departure from normal regularit 
of stress-strain diagrams of lo 
carbon steels tested within te 
perature range of 200 to 300) ce 
eent.; significance of Steps 1 
terms of torsional strain; cause 
steps. Bibliography. 

Phe Carbon-Oxygen Equilibi 
um in Liquid Tron, H. CC. Vaehe 
mad kK. HH. Hamilton. lan. ft 
Vin. and Met. Enars. Tech. Pul 
no. 409, for nty. Feb. 1931 l 
pases, 2 figs 

Attempt is rrcacte to deter rhe 
value of carbon-oxygen product 
over wide range of concents 
tions; in earlier stages of work 
values of O.0066 at 1Lo80 deg. cent 
and O.Qoo al 1G00 deg. cent... were 
obtained for carbon-oxvgen prod 
uct: these results were obtained 
by selection of values; variatio 
was great; subsequent exper! 
ments, under better control pro 
duced value of 0.0025 for product 
of concentrations of carbon and 
oxygen in liquid tron at 1620 deg 
cent. and | atmos. pressure. Bibli 
ography. 

Equilibrium in the [ron-Oxygen 
Hydrogen System at Temperatures 
ibove 1000 deg. C.. W. E. Jominy 
and D. W. Murphy. /ndus. and 
Eng. Chem., vol. 23, no. 4, Apr. 
1931, pauses 384 387. » figs 

Method — for determination — of 
iron-iron oxide - hydrogen - water 
vapor equilibrium at various ten 
peratures has been developed i! 
which gaseous mixture of hydro 
gen and water vapor is allowed t 
flow past sample of metallic iron; 
ratio of hydrogen to water vapor 
in inlet gases is controlled so tha 
mixture will be either oxidizing o1 
non-oxidizing to iron and at any 
temperature true equilibrium ratic 
will lie between closest oxidizin 
and non-oxidizing points. 


METALLOGRAPHY 


The Mechanism of the Solutio 
of Cementite in Carbon Steel and 
the Influence of Heterogeneity, | 
Walldow. Jron and Steel Inst 
Jl., vol. 122. no 1930, pages 301 
341. 60 figs partly on supp. pl ites 


Study of closer mechanism ot 
solution of cementite, and trans 
formation of alpha iron into gan 
ina iron; most rational way. ol 


solving question was considered t 
be study of few different kinds of 
steel in detail, instead of extend 
ing investigation to include large 
number of steels. See reference to 
same article from Jernkonterets 
Annaler, no. & 1930, In Engineet 


> 


132 


ing Index 1930, page 1712 


Structural Metallography, H. B. 
Pulsifer. Metals and Alloys, vol. 
2, no. 2, Feb. 1931, pages 84-87, lo 


figs. 
Instructions for proper surfac 
ing and etching procedure with 
icrophotographs illustrating re 


sults obtained with various fe 
rous and non-ferrous alloys; prop 
erties and ¢ pounding of etching 
reagents. 

Sur les conditions de formatio 
et de decomposition de la cémet 
tite (Conditions of Formation and 
Decomposition of Cementite), P 
Pingault. leadémie des Sciences 

Comptes Rendus, vol. 191, no 
21, Nov. 24, 1930, pages 1007-1008; 
see also brief translated abstract 
in Chem. and Industry, vol. 50, no 
6, Feb. 6, 1931, page 115. 

Pure cementite, prepared by a 
tion of sodium evanide on electre 


lytic iron filings at 650 deg., is 
quite stable in vacuum up to L000 
deg.; cementation of pure iro 
does not occur when heated it 
sodium evanide at temperature 

up to 900 deg., provided air is ab 
sent. 


Phe Metallurgical Microscope 
Vetallurgist (Supp. to Engineer 
Keb. 27, 1931, pages 17-18 

In many odern instruments 
facility for visual observation is 
largely sacrificed for convenience 
in producing photomicrographs; 
this is almost unavoidable result 
of following fashion for inverted 
or “Le Chatelier” tvpe of metal 
lurgical microscope modern in 
verted type of metallurgical mi 
croscope has many advantages, but 
there is tendency to ignore its 
somewhat serious limitations. 

Color Etching of Metallic Slides 
N \. Zarubin and (;. A Mie Versol 
Vestnikh Vetallopromyshlennosti 
no. 7-8, July-Aug. 1930, pages 167 
173, 3 supp. colored plates. 

Report on experimental work 
done at Klectrozavod labor ilory: 
Classification of metal etching re 


agents; color etching of slides of 
tungsten, steel, iron, ferro-tung 
sten, and copper; uses of method; 


color microphotography. 

Microscopie Cracks mn Heat 
Freated Steels, F. F. Lucas. Mech. 
Eng., vol. 53, no. 4, Apr. 1931 
page 29) 

Part of paper on Art of Metal 
lography presented at Feb. 1931 
meeting of American Institute of 
Mining and Metallurgical Engi 
neers; Significance and control by 
heat treatment of development of 


very minute cracks seems to 
author to be of great practical in 

portance; if seems possible that 
these cracks may be lines of strain 


opened by etching reagent. 

Die elektrochemische Wiedet 
gabe des Grobgefueges (Electro 
chemical Reproduction of Coarse 
Structure), E. Ammermann. Stahl 
und Kkisen, vol. 51, no. 7, Feb. 12 
1931, pages “07-208, 5 figs. 

Comment on process developed 
by A. Glazunoyv, described by hin 
at’ Eighth Congress of Industrial 
Chemistry at Strasbourg, July 
1928, for development of coarse 
Structure of steel, generally known 


as macrostructure, with aid of 
electric current; author suggesis 
certain huprovements, recon 


mending use of solution of 
cyanide instead of partial 


dized ferrocyanide; — pri 
tained by method are rep 

Macro - Printing. Vet 
(Supp. to Engineer’, Mar. 2 


pages 11) 17. 

Some vears ago J. GC. W 
irey developed method « 
ing what he termed 
prints” direct from deeply 
surfaces of steel specimens 
od suggested by A. Glazu 
be used for detecting seg 
ind sulphide enclosures j 
in Stahl und Eisen for Fel 
Ammermann comments 
process and suggests cert 
provements; he reco ‘ 
of solution of ferroevanicde 
of partially oxidized ferro 


rhe Austenite-pearlit 
formation and the Transiti 
Stitutents, A. Sauveur. | 
Vin. and Met. Engrs. Tee] 
no. 412, 6 pages, 3 figs.; se 


Hleat Treating and Forgit 
17, no. 3, Mar. 1931 pages 2 
> figs. 

Analytical discussior 


pinion among l@tallogs 
nechanism of transfor 
eutectoid steel fro its au 
to its pearlitic conditi 

ing through ther il ( 
range: claims of some uth 
garding allotropic transf 
are considered untenable: 
remarks ime olfered ji 1) 
Stimulating discussion and 
C ISIN, 


Spectroscopy as an Aid i 
lurgical Analysis, S.J 
Velallurgist Supp, f / 
Feb. 27, LOS, pages 28-50) 

In present Study spect 
has been used merely to el 


chemical analysis: iro 
ind carbon were subjects 
quiry; are-spectrum analy 


conducted by means of 
quartz spectrograph; exa 
lustrate value of spectre 
contro! aD discover, ol 
pected elements, detectio 
ous timpurities not usua 
prehended in chemical 
examination of quantitative 
cipitates for their purity 
correction ot gravimetri 
for proportion of tmpurith 
ried by precipitates. 


METALS ANALYSIS 

New Method for Rapid A 
of Allovs Without Destruct 
thre Saiples (Nouvelle 
analyse rapide des alliages 
A. Glazunov. Chimie et /1 
(Paris), Mar. 1930, (speci 
247-250. 9 figs. 

Previously 
has been extended to qual 
analysis of metals and all 


desc ibed 


single metal is present, its 
will be revealed by col 
cipitant obtained on pap 
hoped that by working und 
nite current density and ti 
ditions approximate qua 
inalvsis mav be obtained 
intensity of colors produc 
Phe Occlusion of Hydrog 
Nitrogen by Pure Tron and 
Other Metals, I Marti 
and Alloys. vol. 1. no. 17 
1930, S31-835. 10 figs. 
Continued on page 1 
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Kiyes that Deret the \nvisible 


if II. science of metallography, the trained 
lluryvist and the ‘all seeing’ eye ot the 
llographic microscope—whata part this 
ination plays in the march of civiliza 
Yet the metallurgist, with all of his 
is only as powerful as his instrument. 
swhy Bausch X& Lomb Metallographic 
ipment meets with such wide-spread 
arity and demand. 
rmanent alignment ot micro 
and illuminating unit gives 
graphs of the highest quality 
lea 


lit, 1 ceili ot 


st possib le time. Focus will 


leneth ot ex- 





posure or weight ot specimen. lhe micro- 
scope design positively eliminates any relative 
vibration ot the spec imen and optical parts 
Shock absorbers retard, pel and absorb 
all vibrations. All adjustments necessary In 
observing and photographing the specimen 
are conveniently arranged. 

\ll_ necessary accessories for micro 
macro-photography are available. 

Write tor catalog K-21 . which 
vives a complete desc ription oT the 
apparatus. 
Bauscu & Lomsp OprTricar ( 


6258 St. Paul Street, Rochester, N.Y. 


BAUSCH G6 LOMB 
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NITRIDING Practical conditions confront- ferrous foundries: det 


The Case-Hardening of Con ing commercial nitrider with par- of clay and lime in mol 
mercial Steels by Means of Nitro ticular regard to selecting, forging testing core binders: 
ven. B. Jones. Jron and Steel In and machining steel, nitriding tion of ash content and 
dustry (Lond.), vol. 4, no. 3, Dee. operations equipment, decarburi- in coke; determination « 
1930. 77-86. and 99. 20 figs. zation and its bad effect; ductibity manganese and iron: 

Investigation of nitridation of 5 ol Case. alloys; manganese in 
austenitic steels of various com- Verhalten nitrierter Sonder- alloys; lead in pure ti 

« binations and variety of plain car — gegen oe a ee gar pure aluminum. 
bon alloy steels; effect of temper! (Behavior of Nitrided Steels in —_ ne : 
ature and of drying ere, Presence of Copper-Sulphate Solu OXYACETYLENE WELDING 
increase of hardness Bibliog tion), O. Niezoldi. _Korroston und Welding Papers fri 
raphy. Vetallschutz, vol. 7, no. 3. Mar. Congress. icetylene J 

FURNACES. The Development 1931, pages od-o4, 1 fig. no. 4, Oct. 1930, 135-137 
of a Continuous Nitriding Fur Based on laboratory tests, it Is Abstract of papers by 
nace, R. J. Cowan. Fuels and Fur shown that nitrided special steel granges, C. F. Keel, M 
naces vol, & no. 11. Nov. 1930, is not permanently resistant to and R, Granjon, dealing 
1517-1520 and 1552, 7 figs. copper sulphate solution. with application of we 

Furnace design consists of metal NON-FERROUS ALLOYS structures, sheet metal 
muffle continuous throughout fur machines, brazing and ws 
nace, fired from both sides by gas Recent Developments in Non masts and poles. 
burners; second furnace consists Ferrous Alloys. Machy. (Lond, Safety Engineering Prol 
of alloy pan conveyor type ar vol. 37, no. 948, Dec. 11, 1930, 358 Oxyacetylene Welding 
ranged to operate continuousls 360. heitstechnische Frage 
through suitable seals: general Review of principal character Azetylenschweissen), | 
layout of continuous — nitriding istics and physical properties of brei. V. D. 1. Zeit. (Ber 
furnace; curves illustrating proce light alloys; copper alloys, ever- 74, no. 46, Nov. 15, 193 
ess operation. dur; P. M. G. metal; aluminum 1595, 16 figs. 

Development of Nitration brasses; beryllium alloys; lead Study of explosion haz 
Equipment (Die Entwicklung der and zine alloys frequency of accidents du 
Nitrieranlagen), F. Bruehl. Krupp Rational Non-Ferrous Foundry cause; air elimination i 
sche Monatshefte (Essen), vol. 11, Practice (Rationelle  Metallgies viene welding; danger f1 
Nov. 1930, 287-290. 8 figs. serei Praxis. XIV. Die wichtigsten lene-and-air mixtures: wel 

General viewpoints which are Rezepte und Untersuchungen des freezing weather; backti 
leading in design, presents status Metallgiessers). Zeit. fuer die oxygen hazards; vacuu 
of construction and development gesamtle Giesseretpraxts (Berlin), seal safetv svstems. 
in principal participating coun vol. 51, nos. 49 and 50, Dee. 7, MACHINES. Gas Weld 
tries. 1930, (Metall), 197-198, and Dec. chines in Germany, K. P. Bi 

Problems Confronting the Prac 14, 202-203. Welding, vol. 1, no. 12, O 
tical Nitrider, J. H. Higgins. J/ron Most important methods of test 815-819, 8 figs. 
ige, vol. 127, no. 14, Apr. 2, 1931. ing and analvsis used in non (Continued on page 71 
































a Quenching of Steel.. 


INGOTS DESIGNED -+. an answer to your problems 
By HERBERT J. FRENCH 
BY GATHMANN lend the Bureau of Standards 
now with International Nicke 


® Is your plant profiting by the pres- Company. 


tive which the words Designed by HIS book is a comprehensive discus 


Gathmann”™ imply to the user of sion of cooling characteristics of vat 
steel ingot products? If not. begin sous cooling media (oostnnts % — 
= : PAM, properties are given for both surface an 
now to investigate the possibilities cee tui ofl & uss tees 48 weed 
of Gathmann Methods. With Gath- Data for center cooling are summarized 


. . . graphically and in equations which pet 
mann practice reyection losses due to : 
: mit computation of center characteristi 


unsoundness are eliminated and the of various sizes and shapes of steel 
quality of the product is assured. F ; 
; 172 pages, 6 x 9, 105 illustra- 


tions ... bound in red cioth 


® Write us on your company letter- : 
° . 950 


head for our new book. “Ingot Con- 


tour and its Relation to Sound Steel.” 


THE As 
GATHMANN ENGINEERING my y 
CARROLL STATION COMPANY 


Vail Your Order Today 
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WW hen we sav no better made. we mean that. and 


1 GAS BURNERS 
at prices that will startle you —all the result of 


OlL BURNERS 


| BI AST GATES three vears of preparation to serve the demands 


CONTROL VALVES 


of industry for heat treating products in a stand- 
ELECTRIC FURNACES F , 

araized Way. 
OIL FURNACES 
GAS PURNACES 


Sixty different types of furnaces in just the 


Olli 


POT FURNACES 


PUSHER FURNACES size vou want for heavy or light dutv. GAS 


CONVEYOR FURNACES . — , 
ELECTRIC, every one a known guaranteed product. 
HIGH TEMP. CEMENT ' 

FURNACE REFRACTORIES ' ; 
With R-S) standardized equipment you don t 
OLL PUMPS 


| OL COOLING EOUIPT. guess, Vou know: vou dont experiment, you start 


BOILER FIRING EQUIPT producing and, best of all, twenty vears of experi- 


DOMESTIC BLRNERS 
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Design and operation of seam 
equipped with device which im- 
parts oscillating motion to torch; 
welding machine built by Mauser 
Maschinenbau G.m.b.H., Cologne- 
Ehrenfeld; for seam length of 8 
ft.; machine for welding heavy 
containers, up to lengths of 19 ft. 
and diam. from 1 ft. to 7 ft. with 
sheet thickness of 4 in. and 
more; curves showing feed and 
acetylene consumption using auto- 
matic welding machines. 


PICKLING 

Hydrogen Formation in Pick 
ling (Die Wasserstoffentwicklung 
beim Beizen), H. Bablik. Korro- 
sion und Metallschutz (Berlin), 
vol. 6, no. 10, Oct. 1930, 223-228, 9 
figs. 

Results of tests show that in 
material sensitive to pickling 
hydrochloric acid should be used 
in pickling process. 

Pickling; a Modern Cleaning 
Method, J. C. Weaver. Metal Prog- 
ress, vol. 18, no. 6, Dec. 1930, 45- 
19, 5 figs. 

Development, advantages and 
application of principal pickling 
methods; brief explanation of 
chemical reaction of acids. 

The Pickling of Steel, M. W. 
Freeman. IJndus. Finishing, vol. 
7, no. 1, Nov. 1930, 60 and 62. 

Importance of cleaning sheet 
steel effectively; what really oc- 
curs in general practice; what 
some of actual losses are and what 
changes may take place. 


SPRING STEEL 
Fatigue Strength of Carbon and 
Alloy Steel Plates as Used for 


Laminated Springs, R. G. C. Bat- 
son and J. Bradley. Engineering, 
vol. 131, no. 3401, Mar. 20, 1931, 
pages 405-406, 4 figs. 

Tests described were started in 
1926 and undertaken in order to 
discover whether substantial im- 
provement could be made in 
spring plates by grinding or pol- 
ishing them so as to remove outer 
skin; later, when such improve- 
ment was found, tests were ex- 
tended to obtain information on 
effect of heat treatment on fatigue 
strength, when such treatment was 
carried out either before or after 
machining surface of plates. Be- 
fore Mech, Engrs. 

An Investigation of Steels for 
Aircraft Engine Valve Springs, A. 
Swan, H. Sutton and W. D. 
Douglas. Engineering, vol. 131, 
no. 3398, Feb. 27, 1931, pages 314- 
316, 9 figs. 

Apparatus was designed by Sav- 
age, of Royal Aircraft Establish- 
ment, in which one or more 
springs operated by cam could be 
studied stroboscopically, and ex- 
act coil movements and positions 
during rise and fall of cam re- 
corded to magnified scale; it is 
not intended to deal in detail 
with results obtained from these 
experiments, but only to consider 
broad conclusions as_ affecting 
spring failures. Before Instn. 
Mech. Engrs. 


STAINLESS STEELS 

Stainless Steel and Its Proper- 
ties, E. Smith. Heat Treating and 
Forging, vol. 16, no. 11, Nov. 1930. 
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Physical properties and chem- 
ical characteristics of principal 
types of stainless steel; details of 
heat treatment and forging. Paper 
delivered before Am. Drop Forg 
ing Inst. 

STAINLESS STEELS. Welding 
of Corrosion Resisting Steels, W. 
Spraragen. Welding, vol. 1, no. 
13, Nov. 1930, 897-900, 5 figs. 

Chrome irons with carbon less 
than .20 per cent, chrome steels 
with carbon more than .20° per 
cent, chrome-nickel irons with 
carbon less than .20 per cent, and 
chrome-nickel steels with carbon 
more than .20 per cent, are dis- 
cussed with regard to physical 
properties; welding technique and 
procedure are illustrated by mi- 
crophotograph and examples 
taken from manufacturer of tanks; 
heat treating characteristics. 


STEEL MELTING 


Beitraege zur Klaerung der 
Schlackenfrage im basischen 
Siemens-Martin-Ofen (Contribu- 
tion to Solution of Slag Problem in 
Basic Open-Hearth Furnace), R, 
Back. Stahl und Eisen, vol. 51, 
nos. 11 and 12, Mar. 12, 1931, 
pages 317-324 and Mar. 19, pages 
351-357, and (discussion) 357-360, 
17 figs. 

Behavior of iron and manganese 
in slag; results of investigations 
during smelting; behavior of iron 
in relation to basicity degree of 
slag; influence of slags in their 
varying degree of basicity on 
changes, particularly of manga- 
nese and iron. 

Hoegfrekvensugnen Ur Elektrisk 
Anlaeggningssynpunkt (High Fre- 
quency Furnaces from Standpoint 
of Electric Engineers), J. Oester- 
berg. Teknisk Tidskrift, vol. 61, 
no. 1, Jan. 3, 1931, (Elektrotek- 
nik), pages 8-12, 11 figs. ' 

General considerations in design 
of furnaces for melting of metal, 
and data on installations in Swe- 
den built by AEG. 

Overcoming Certain Operating 
Troubles in Making Open-Hearth 
Steel, T. N. Armstrong. Jron Age, 
vol. 127, no. 11, Mar. 12, 1931, 
pages 864-867. 

Consideration of relationship 
between characteristics of lime 
used in open-hearth charge and 
ratio between pig iron and steel 
scrap; where burnt lime is em- 
ployed much larger proportion of 
scrap can be used; troubles con- 
nected with use of southern grades 
of pig iron. 

Melting Steel in an Acid Lined 
Rotating Furnace. Fuels and Fur- 
naces, vol. 9, no. 3, Mar. 1931, 
pages 337-340 and 372, 2 figs. 

Results obtained when melting 
steel in acid-lined rotating fur- 
nace. 

Fluorspar in the Open Hearth 
Slag, H. L. Geiger. Blast Furnace, 
and Steel Plant, vol. 19, no. 3, Mar. 
1931, pages 412-414. 

Survey of work of prominent 
metallurgists relating to action of 
fluorspar. 

112-Ton Ingot Mould. Engineer- 
ing, vol. 131, no. 3399, Mar. 6, 1931, 
page 339, 1 fig. on page 338. 

Mold made at Sheffield works of 
Brightside Foundry and Engineer- 


ing Co., weighs 112 tons; five trac- 
tion engines required to haul mold 
along road, and crane of 150 tons 
capacity was used to load it; in- 
gots, larger than previously made 
in this country, can be produced 
in this mold and will be used for 
production of heavy rotors, hol- 
low forgings for high-pressure 
chemical vessels, and similar 
work. 

The Design and Operation of 
Open-Hearth Furnaces—IlI and III, 
C. W. Veach. Rolling Mill Jl., vol. 
5, nos. 2 and 3, Feb. 1931, pages 
91-94 and 106, and Mar., pages 
175-178 and 190. 

Feb.: Component parts of open- 
hearth furnaces, functions of each, 
and general design and construc- 
tion features. Mar.: Types of re- 
fractory materials such as silica 
brick and chrome brick employed 
in open-hearth construction; typi- 
cal construction methods = em- 
ploved in laying checkerbrick. 

Tonnage Melting by Coreless In- 
duction, E. F. Northrup. Fuels 
and Furnaces, vol. 9, no. 4, Apr. 
1931, pages 473-478, 7 figs. 

First of series covering funda- 
mental principles of operation and 
construction of coreless induction 
furnace as applied to tonnage 
melting; development of high-fre- 
queney  coreless-induction — fur- 
nace; power requirements and 
sizes of furnaces and features of 
construction. This article will be 
followed by others. 


STEEL ROLLING 


Formaenderungswiderstand und 
Werkstoffluss beim Walzen (Defor- 
mation Resistance and Flow of 
Material with Rolling), A. Falk. 
Stahl und Eisen, vol. 51, no. 13, 
Mar. 26, 1931, pages 388-390. 

Letter to editor discussing work 
of E. Siebel, previously indexed in 
Dec. 18, 1930, issue of same jour- 
nal; writer presents new formula 
for deformation in rolling of any 
given sections; he is of opinion 
that increase of deformation re- 
sistance with rolling is not due to 
strengthening of material as result 
of deformation, but to increase in 
resistance to flow of material. Re- 
ply by Siebel and further polemic 
is included. 

Die Verfestigung einiger Werk- 
stoffe beim Kaltwalzen (Strength- 
ening of Some Metals with Cold 
Rolling), E. Greulich. Zeit. fuer 
Metallkunde, vol. 23, no. 3, Mar. 
1931, pages 91-94, 3 figs. 

Exponential law first derived 
for steels and monel metal is now 
confirmed for armco iron, copper, 
and brass 70/30 up to rolling de- 
grees of 30 per cent; strengthening 
factors for all these materials were 
calculated and used for analysis 
of composition and _ structure; 
pure metals show less strength- 
ening than alloys. 


STEEL TESTING 


Redogoerelse foer Noetningsun- 
dersoekningar i amslermaskin 
(Report of Test of Wearing En- 
durance Properties in Amsler’s 
Machine), C. J. G. Malmberg. 
Jerkontorets Annaler, vol. 85, no. 
11, Nov. 1930, pages 572-592, 15 
figs. 

(Continued on page 138) 
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FURNACES 





XACTING care in manufactur- 
ing processes has always been 
the rule with the Reo Motor Car 
Company. When Strong, Carlisle 
& Hammond Engineers six years 
ago designed, built and installed 
the twelve big truck-loading type 
carburizing furnaces shown above 
in the Reo heat treating depart- 
ment, all carburized and heat 
treated parts were inspected 100% 
for ‘sed tool then as now. And 
Reo exercises as much care in 
buying as in manufacturing. 
Used continuously for carburizing at 


1700° F., a new floor and tile is required 
but once a year. These furnaces are also 


SC e&@eH 
BATTERY OF OIL-FIRED 
AN ECONOMY 





used for annealing and drawing of live 
shafts, spindles, spring clips and drawing 
of sheet metal stock at temperatures ranging 
rom 1050° to 1700° F. During six years 
of service, there has been no interruption 
of service except the usual week-end shut- 
down. Say Reo engineers, “The effi- 
ciency of these furnaces is remarkable.” 

Meeting requirements of leaders 
in the motor industry for many 
years, SC & H Engineers are well 
equipped by experience to solve 
the heat treating problems of any 
industrial plant. Ask for a copy of 
the Reo SC&H furnace installation 
report. It will interest you. The 
Strong, Carlisle & Hammond Co., 
1382 W. Third St., Cleveland, O. 





S C & H Furnaces are made 


for annealing, case hardening, 


carburizing, forging, cya- 





niding, lead hardening, 
nitriding and oil tempering. 
They are built in all sizes of 
Oven, Pot, Continuous, and 
Special Types for Electric, Oil 


or Gas application. 
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General discussion of wearing 
research and report on experi- 
ments attempting to standardize 
test methods, so that wearing 
properties of material may be in- 
dexed; wearing properties of steel 
as depending on carbon contents 
and heat treatment. Bibliography. 

Cupping Tests, T. E. Green. 
Mech. World, vol. 89, no. 2306, 
Mar. 13, 1931, pages 245-246, 4 figs. 

Tests for measuring § ductile 
properties of metal sheets. 

Werkstoffpruefung mittels mag- 
netischer Arbeitsverfahren (Mate- 
rials Testing by Magnetic Meth- 
ods), E. Gerold. Stahl und Eisen, 
vol. 51, no. 14, Apr. 2, 1931, pages 
128-432, 6 figs. 

Explanation of magnetic § an- 
alyses; magnetic measuring meth- 
ods (1) for detection of defects, 
such as cracks, piping and segre- 
gations, and (2) for judgment of 
uniform heat treatment and deter- 
mination of mechanical proper- 
ties. Bibliography. 

Inclusions and Their Effect on 
Impact Strength of Steel, A. B. 
Kinzel and W. Crafts. Am. Inst. 
Min. and Met. Engrs.—-Tech. Pub., 
no. 402, Feb. 1931, 33 pages, 19 
figs. 

Study to determine quantitative 
cffect of inclusions on physical 
properties of steel that determine 
its behavior under dynamic stress; 
quantitative relation between 
counted inclusions and impact 
strength does exist in normalized 
steels, but factors other than read- 
ily visible inclusions are equally 


important; present commercial 
rating of inclusions is unreliable 
with respect to counted inclusions 
or dynamic tests; tensile-impact 
test is more reliable as measure of 
quality. 

Beitraege zum Hin- und Herbie- 
geversuch fuer duenne weiche 
Stahlbleche (Bending Test for 
Thin Soft Steel Sheets), J. C. God- 
sell. Stahl und Eisen, vol. 51, no. 
10, Mar. 5, 1931, pages 302-303, 1 
fig. 

Simple and useful device, de- 
signed by Jenkins, for carrying 
out alternating bending test; re- 
sults of tests with annealing tests 
at temperatures between 650 and 
950 deg. cent.; annealing period of 
5 to 90 min. was found to be prac- 
tical. From Swansea Tech. Col- 
lege Met. Soc. 1930. 

A Simple Method of Studying 
the Stress-Strain Relation in the 
Notched-Bar Impact Test, T. 
Kawai. Tohoku Imperial Univ. 
Sci. Reports, vol. 19, no. 6, Dec. 
1930, pages 727-743, 12 figs. 

Method for determining energy- 
strain and stress-strain relation in 
notched-bar impact test, by using 
ordinary Charpy machine; from 
net absorbed-energy-bending re- 
lation in impact test, stress-bend- 
ing relation was obtained by eval- 
uating tangent at each point on 
curve representing former rela- 
tion. (In English.) 

Wear of Metals, S. J. Rosenberg 
and H. K. Herschman. Metals and 
Alloys, vol. 2, no. 2, Feb. 1931, 
pages 52-56, 9 figs. 





Types of wear and interpreta- 
tion of its mechanism; design and 
operation of principal wear test- 
ing machines; difficulties encoun- 
tered in wear testing and results 
obtained in laboratory. 

Testing Chromium Plate for Re- 
sistance to Abrasion, H. C. Wolfe. 
Metals and Alloys, vol. 2, no. 2, 
Feb. 1931, pages 60-61, 2 figs. 

Data on hardness tests of thin 
chromium plate by means of ap- 
paratus utilizing abrasive wheel; 
graph illustrates effect of current 
density on hardness of chromium 
plate. 

TEMPERATURE EFFECT 

Variations de la résilience dans 
les aciers en fonction de la tem- 
perature (Elasticity of Steel as 
Function of Temperature), J. Des- 
sent. Revue Universelle des Mines, 
vol. 5, no. 4, Feb. 15, 1931, pages 
97-99, 2 figs. 

Tests on steels for determination 
of mechanical properties at vari- 
ous temperatures; results of tests 
are given in table. 

Untersuchung der  Ueberhitz- 
ungsempfindlichkeit von niedrig- 
gekohltem Flusstahl (Study of 
Fire Resistance of Low-Carbon In- 
got Steel), E. Pohl, E. Krieger and 
F. Sauerwald. Stahl und Eisen, 
vol. 51, no. 11, Mar. 12, 1931, pages 
324-326, 2 figs. 

Creep of Metals at Elevated 
Temperatures, P. G. MeVetty. 
Mech. Eng., vol. 53, no. 3, Mar. 
1931, pages 197-200, 1 fig. 





























THE R. 


R. MOORE 
FATIGUE TESTING 
MACHINE 


A thoroughly practical and reliable 
machine for determining the life 
of metals. Adaptable to various 
shapes and sizes of specimens. 
e It has proven its value in the 
laboratories of scores of industrial 
corporations, government depart- 


ments and universities. 


WRITE FOR OUR PAMPHLET ON FATIGUE TESTING 


THE THOMPSON GRINDER COMPANY 


1534 WEST MAIN STREET ++ SPRINGFIELD, OHIO 
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ALLOY STEEL 

IRON-VANADIUM ALLOYS. 
Beitrag zur Kenntnis des Systems 
Fisen-Kohlenstoff-Vanadin (Con- 
tribution to Study of Iron-Carbon- 
Vanadium System), H. Hougardy. 
Archiv fuer das Eisenhuetten- 
wesen, vol. 4, no. 10, Apr. 1931, 
pages 497-503, 30 figs. 

Influence of vanadium on hard- 
ness, hardening properties, critical 
points and grain formation; vana- 
dium imparts to high-carbon steel, 
properties of lower-carbon steel 
or of steel free of carbon. 

Ueber das ternaere System 
Eisen-Kohlenstoff-Vanadin  (Ter- 
nary System Iron-Carbon-Vanadi- 
um), R. Vogel and E. Martin. 
Archiv fuer das Eisenhuettenwe- 
sen, vol. 4, no. 10, Apr. 1931, pages 
487-495, 19 figs. 

Results of previous research; 
solidification of ternary molten 
charges; transformations of alloys 
into solid state; separation of car- 
bides; results of tests; analyses of 
structure. 

ZIRCONIUM ALLOYS. Manga- 
nese-free Zirconium-treated Steels, 
F. M. Becket. Min. and Met., vol. 
12, no. 293, sec. 1, May 1931, pages 
234-236, 10 figs. 

Description of comparative test, 
involving addition of varying 
amounts of ferro-manganese, fer- 
ro-silicon, and zirconium alloys to 
samples of steel prepared in 
Heroult electric furnace; results 
indicate commercial possibility. 


CAST IRON 


The Deterioration of Cast tron 
on Repeated and Prolonged Heat- 
ing, C. E. Pearson. Foundry Trade 
Jl, vol. 44, no. 765, Apr. 16, 1931, 
pages 271-272. 

Early scientific experiments 
made by Carpenter and Rugan in 
1909 form basis of present knowl- 
edge; new data; microscopic evi- 
dence; influence of elements; 
effect of graphite formation; com- 
bined carbon and growth; effects 
of other elements on low-temper- 


ature changes in iron. Betore 
Inst. Brit. Foundrymen. 
CORROSION 


Verfahren zur Pruefung der 
Lokalelementtheorie der Korrosion 
(Method of Testing Local Element 
Theory of Corrosion), W. Guert- 
ler and B. Blumenthal. Zeit. fuer 
Metallkunde, vol. 23, no. 4, Apr. 
1931, pages 118-119, 3 figs. 

Method is developed for testing 
local-element theory with elimi- 
nation of resistance capacity; 
speed of dissolution of zine in hy- 
drochloric acid is investigated. 

Influence of Stress on Corrosion, 
D. J. McAdam, Jr. Am. Inst. Min. 
and Met. Engrs.—Tech. Pub., no. 
$17, 1931, 39 pages, 14 figs. 

General survey of conditions 
necessary to cause complete fail- 
ure under corrosion and cyclic 
stress of relatively high frequency; 
preliminary study of influence of 
cyclic stress on corrosion; investi- 
gation of corrosion stresses higher 
than corrosion-fatigue limit; spe- 
cial attention is given to nickel, 
aluminum bronze, was in corro- 
sion stage and in fatigue stage. 

Ueber einen neuen Weg zur Kor- 
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rosionskurzpruefung (New Method 
of Rapid Corrosion Testing), L. W. 
Haase. Chemische Fabrik, nos. 15 
and 16, Apr. 15, 1931, pages 169- 
170, and Apr. 22, pages 184-185, 4 
figs. 

Apparatus and testing method, 
according to which corrosive 
agents are continually renewed 
and control of oxygen content of 
corrosive liquid is effected; ad- 
vantages of process. 

Korrosion durch  Potentialun- 
terschiede und ihre Verhuetung 
(Corrosion by Potential Differ- 
ences and Its Prevention), K. O. 
Schmidt. Zeit. fuer Flugtechnik 
und Motorluftschiffahrt, vol. 22, 
no. 6, Mar. 28, 1931, pages 177-178, 
5 figs. 

Investigation of causes of corro- 
sion on light metals and _ brass, 
show protective action obtained 
by use of artificial resins used for 
separating different metals. 
FATIGUE 

Ueber die Dauerbiegefestigkeit 
einiger Eisenwerkstoffe und ihre 
Beeinflussung durch Temperatur 
und Kerbwirkung, E. Kaufmann. 
Berlin J. Springer, 1931, 89 pages, 
illus., diagrs., charts, tables. 9-r.m. 

Report of tests on carbon and 
chromium-nickel steels and cast 
iron, to determine their fatigue- 
resisting properties and variations 
of these properties with changes 
in temperature. Bibliography. 
Eng. Soc. Lib., N. Y. 

Utmattningsproyv paa jaern och 
staal (Fatigue Tests on Iron and 
Steel), A Lundgren. Jernkontorets 
Annaler, no. 1, 1931, pages 1-70, 
28 figs. 

Survey of most important re- 
sults obtained in various countries 
by studies of fatigue of metals; 
report on investigations at Govern- 
ment Testing Institute, Stockholm, 
which were conducted with rotat- 
ing specimens on Alpha testing 
machine; data on relation between 
mechanical properties, particular- 
ly endurance, heat treatment, yield 
point, ete., for various steels in- 
cluding nickel-chromium alloys. 


FURNACES, INDUSTRIAL 


Die Rostfeuerungen industrieller 
Oefen (Grate Firing of Industrial 
Furnaces), A. Roitzheim. Feuer- 
ungstechnik, vol. 19, nos. 3 and 4, 
Mar. 15, 1931, pages 43-46, and 
Apr. 15, pages 61-64, 9 figs. 

Differences between boiler grate 
firing as heat generator and fur- 
nace grate firing as high tempera- 
ture producer; temperature sensi- 
tivity of flue gases; heat transmis- 
sion by means of flame; phenom- 
ena occurring with half-gas or 
semi-producer-type furnace; soot 
in flame; explanation of term 
half-gas or semi-producer-type- 
furnace; origin of shaft producer; 
radiant flames. 

Les possibilités du four élec- 
trique (Possibilities of the Electric 
Furnace), P. Marthourey. Revue 
de Metallurgie, vol. 28, nos. 2 and 
3, Feb. 1931, pages 101-116, and 
Mar., pages 139-150, 51 figs. 

Development of electric are fur- 
nace in United States, Europe, 
Japan and China; its possibilities 
dependent upon design; manufac- 


ture of steels with high silicon 
content; high-test cast iron and 
malleable cast iron; special appli 
cations of electric furnace; control 
of electrometallurgical products; 
recommendations for operation of 
electric furnace. 

A Working Furnace Exhibit, H. 
R. Stevenson. Elec. Light and 
Power, vol. 9, no. 5, May 1931, 
pages 30-32, 4 figs. 

Exhibitive installation of elec 
trical heat-treating equipment, 
made by Detroit Edison Co., has 
easily been justified by interest 
evidenced among industries; it 
was felt that working exhibit of 
type of furnace which possessed 
greatest sales possibility, would 
easily prove to be worth amount 
of time and effort expended in 
securing it; some of exhibits are 
illustrated and described. 

Remarques sur l'emploi du four 
a induction a haute fréquence 
pour la fabrication des aciers 
(Use of High-Frequency Induction 
Furnace for Manufacture of Steel), 
M. Lacroix. Revue de Metallurgie, 
vol. 28, no. 3, Mar. 1931, pages 
151-161, 5 figs. 

Experiences with 250-kg., 120- 
kva. furnace of Ajax-Northrup 
type installed in St. Francois steel 
works of St. Etienne, charged by 
150-kva. converter set supplied by 
Société Alsthom of Belfort; oper- 
ating data; current consumption 
and yield; control of steel manu- 
facture; advantages of high-fre- 
quency furnace for manufacture 
of high-grade steels. Bibliography. 

The  Berliner-Joyce Aircraft 
Corporation Plant, W. S. Scott. 
Heat Treating and Forging, vol. 17, 
no. 4, Apr. 1931, pages 394-398, 5 
ligs. 

Design and operation of electric 
furnaces and ovens; tables give 
heat treatment specifications for 
aluminum alloys and alloy steel. 

Leber Regelung der Temperatur 
in industriellen Oefen--IV (Tem- 
perature Control in Industrial 
Furnaces), V. Paschkis. Forschung 
auf dem Gebiete des Ingenieur- 
wesens, vol. 2, no. 2, Feb. 1931, 
pages 57-64, 9 figs. 

Experimental investigation and 
mathematical formulation of rela- 
tions between temperature rise 
and heat output reserve of fur- 
nace; hyperbolic characteristics of 
non-sensitivity. 

Tonnage Melting by Coreless In- 
duction—-l, E. F. Northrup. Wesz?. 
Machy. World, vol. 22, no. 4, Apr. 
1931, pages 183-186, 5 figs. 

Authentic information on metal 
lurgical results obtained from 
high-frequency induction furnaces 
and selected bibliography of more 
important articles which have ap- 
peared about these furnaces since 
their introduction in 1918, 

High-Frequency Induction Fur- 
nace Affords Heat Uniformity, H. 
C. Bigge. Steel, vol. 88, no. 19, 
May 7, 1931, pages 39-41 and 57, 3 
figs. 

Operation and construction of 
electric coreless induction furnace 
of 1200 lb. capacity at plant of 
Bethlehem Steel Co., Bethlehem; 
data on composition of high speed 
steel and tool steels melted. 


(Continued on page 142) 
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What is 


MAAXIPRESSING ? 





~ T is generally recognized that defi- 
nite economies exist in the field 
of coining, shaping or forming 

of parts to final size by pressure. 


Attempts to obtain these economies 
in the past nave only been partially 
successful. The heavy pressures re- 
quired for this class of work have here- 
tofore confined the operation to slow 
toggle type presses, which were not 
productive. 


The introduction of the National 
MAXIPRES now provides a means to do 
such work rapidly either cold or at low 
temperature, to a degree of accuracy 
finer than heretofore found possible. 


Since in many instances coining 
finish-forming eliminates the more 
. costly operations of facing, milling and 
grinding, it might well be referred to 
as ‘‘machining by pressure.’’ How- 


= SOME “MAXIPRESSED” 
Trade Mark 








—f 








Trade Mark 


ever, this process when performed on 
the Maxipres, has become known 
as MAxXIPRESSING, and the parts so 
formed referred to as MAXIPRESSED 
parts. 


The economic value of a process made 
possible by a newly developed. ma- 
chine, which permits decreased costs, 
is quickly recognized by industry — 
with the result that the ‘“‘finish or 
size’’ specifications on many parts for- 
merly obtained only by costly ma- 
chining are now specified “to be 
M AXIPRESSED to size. 


Thus the National Maxipres has 
opened up a new field in lower pro- 
duction costs by eliminating machin- 
ing operations on many parts; and by 
finish-forming, sizing or shaping 
many other parts formerly produced 
by more costly methods. 


i 





MAXIPRESES ARE SOLD BY 


CHAMBERSBURG-NATIONAL 


COMPLETE FORGING EQUIPMENT 


CHAMBERSBURG, PA. 
NEW YORK, 152 West 42nd Street 


CHICAGO, 565 West Washington Street 


TIFFIN, OHIO 
DETROIT, 2457 Woodward Avenue 


THE NATIONAL MACHINERY CO. 
TIFFIN, OHIO 


New NATIONAL 
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2000 Kw., 75 Ton Furnace An- 
neals Large Castings, A. G. Hotch- 
kiss. Elec. World, vol. 97, no. 17, 
Apr. 25, 1931, page 768, 2 figs. 

To handle heat treatment of 
large single-unit steam turbine and 
electric generator castings proper- 
ly, General Electric Co. has in- 
stalled at Schenectady plant 2000 
kw. car-bottom type electric an- 
nealing furnace with maximum 
loading capacity of 75 tons; fur- 
nace not only handles largest 
structures now heat treated, but is 
of suflicient size to accommodate 
larger machines of future. 


HEAT TREATMENT 

Ermittlung der Temperatur- und 
Waermeleitzahl von Gluehgut aus 
dem gemessenen Temperaturver- 
lauf (Determination of Tempera- 
ture and Heat-Conductivity Co- 
efficient of Material to be Annealed 
from Measured Temperature 
Curve), A Schack and E. Auhagen. 
irchiv fuer das Eisenhuettenwe- 
sen, vol. 4, no. 10, Apr. 1931, pages 
169-474, 9 figs. 

Principles for calculation’ of 
temperature of materials to be an- 
nealed; determination of heat and 
temperature coefficients of steel 
ingots and of stratified annealing 
charge of steel wire, steel and cast- 
iron shavings; possibility of pre- 
calculating temperature trend in 
case of annealing charge. 

Circulation Important in 
@Muenching, H. J. French. Black 
and White (Metal Edition), vol. 3, 
no. 6, May 1931, pages 4-7, 3 figs. 

Factors which influence consist- 
ently uniform results in quenching 
bath; spray quenching; control of 
flow in liquid bath. 


HIGH SPEED STEEL 

Selecting and Hardening High- 
Speed Steel, A. Heller. Am. Mach., 
vol. 74, no. 17, Apr. 23, 1931, 
pages 635-638, 3 figs. 

Heat treatment and hardening 
characteristics of cobalt and tung- 
sten steels; graphs illustrate char- 
acteristics of three tungsten high- 
speed steels and two cobalt high 
speed steels, showing that latter 
harden at lower’ temperature; 
effect on hardness by soaking at 
various temperatures for varying 
lengths of time. 

Selecting and Hardening High- 
Speed Steel—-Il, A. Heller. Am. 
Mach., vol. 74, no. 18, Apr. 30, 
1931, pages 685-688, 8 figs. 

Methods of testing strength and 
toughness of tungsten and cobalt 
steels when lower hardening tem- 
peratures are used with short 
soaking periods. 

Selecting and Hardening High- 
Speed Steel——lIll, A Heller. Am. 
Mach., vol. 74, no. 19, May 7, 1931, 
pages 726-728, 3 figs. 

Technique of tempering tung- 
sten and cobalt high-speed steels 
with particular regard to volume 
and hardness changes; considera- 
tion of physical properties of steel 
for use in various tools. 


IRON 

Perfecting Magnetic Iron. Engrs. 
and Eng., vol. 48, no. 4, Apr. 1931, 
pages 92-93. 

Review of T. D. Yensen’s work; 
one of his main objects has been 
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to determine properties of really 
pure iron; commercially Yensen’s 
most important results have come 
from study of iron-silicon and 
iron-nickel alloys; Hipernik (alloy 
of half iron and half nickel) is 
another product, closely connected 
with his activities. 

Remarques relatives a influence 
des gaz occlus sur les propriétés 
mécaniques des produits meétal- 
lurgiques (Notes on Effect of Oc- 
cluded Gases on Mechanical Prop- 
erties of Metallurgical Products), 
L. Guillet and J. Cournot. Génie 
Civil, vol. 98, no. 16, Apr. 18, 1931, 
pages 402-403. 

Abstract of paper, presented at 
Academie des Sciences, giving 
critical review of work of Guich- 
ard, Clausmann, Billon and Lan- 
thony as to effect of occluded hy- 
drogen on hardness of electrolytic 
iron; iron and = steel gas occlu- 
sions. 

Om syrehaltiga strukturelement 
i tackjaern (Structure Elements 
Containing Oxygen in Iron-Carbon 
Alloys), €. Benedicks. Jernkon- 
torets Annaler, no. 3, 1931, pages 
147-159, 18 figs. 

By mixing molten pig iron with 
about 5 per cent of magnetite, 
structure elements with high con- 
tent of oxygen were obtained, 
which could be observed micro- 
scopically without etching; struc- 
tural characteristics of oxy-perlite 
and solidification structure con- 
taining idiomorfic cementite crys- 
tals, austenite with dissolved oxy- 
gen (oxy-austenite) and ferrous 
oxide. 


METAL ANALYSIS 

Uber den Kohlenstoffgehalt in 
der Eta-Phase (Carbon Content in 
Eta Phase), H. Hanemann. Archiv 
fuer das Eisenhuettenwesen, vol. 4, 
no. 10, 1931, pages 485-486, 10 figs. 
on supp. plate. 

Review of previous work; in- 
vestigations of quenched troostite; 
discussion of diffusion phenomena 
during annealing of hardened 
steel; tests on carbon distribution 
between eta gamma phases. 

Ueber die Vorgaenge bei der 
Ausbildung des Martensitgefueges 
(Phenomena Occurring with For- 
mation of Martensite Structure), 
H. Haneman, K. Herrmann, U. 
Hofmann and A. Schrader. Archiv 
fuer das Eisenhuettenwesen, vol. 4, 
no. 10, Apr. 1931, pages 479-484, 
16 figs. partly on supp. plates. 

Structural constituents of mar- 
tensite system; preparation § of 
samples; X-ray analyses; results; 
eta phase and its changes with an- 
nealing; pseudomorphism in hard- 
ened steel; theta phase; evaluation 
of transformation phenomena. 

Die Aetzung mit alkalischer Na- 
triumpikratloesung und ihre An- 
wendung zur Erforschung der An- 
lassvorgaenge im gehaerteten 
Stahl (Etching with Alkaline 
Sodium-Picrate Solution and Its 
Application to Investigation of An- 
nealing Phenomena in Hardened 
Steel), H. Hanemann and 4A, 
Schrader. Archiv fuer das Eisen- 
huettenwesen, vol. 4, no. 10, 1931, 
pages 475-477, 23 figs. on supp. 
plates. 

Le Chatelier etching process; 
etching of cementite, ferrite, aus- 


tenite, quenched troostite, zeta and 
theta constituents. 

Microscopic Investigation’ of 
Metals, V. N. Krivobok. Engrs. 
Soc. West Penn.—-Proc., vol. 47, 
no. 2, Feb. 1931, pages 45-62, 17 


figs. 

Four main purposes of metal- 
lurgy; methods of steel treating for 
microscopic analysis. 


METALS ANALYSIS 

Radiation from Metals Bombard- 
ed by Low-Speed Electrons, F. L. 
Mohler and C. Boeckner. U.S. Bur. 
Standards—Jl. Research, vol. 6, 
no. 4, Apr. 1931, pages 673-681, 4 
figs. 

Small probe surface at positive 
potential in discharge may draw 
current of many amperes per 
square centimeter with potential 
gradient limited to thin sheath 
over surface; under such condi- 
tions continuous spectrum is emit- 
ted by metal surfaces in caesium, 
potassium, and helium discharges; 
comparison with published data 
on photoelectric effect of radia- 
tion from electron bombardment 
of metals indicates that magnitude 
of effects below 10 volts can be 
explained by this continuous spec- 
trum. 

Nouvelle méthode pour la déter- 
mination de la teneur en soufre 
en cing minutes (New Methods for 
Determining Sulphur Content in 
Five Minutes), A. Guedras. Aciers 
Spéciaux Metauz et Alliages, vol. 6, 
no. 66, Feb. 1931, pages 75-80, 4 
figs. 

Method of determining sulphur 
content by combustion in oxygen 
current with accuracy of 0.001 per 
cent, according to Holthaus, and 
advantages as compared to meth- 
ods of Francke. 


NON-FERROUS 

Mitteilungen der Deutschen Ge- 
sellschaft fuer Metallkunde, (Re- 
port of German Metallographic 
Society). Zeit. fuer Metallkunde, 
vol. 23, no. 4, Apr. 1931, pages 
129-132. 

Work of professional commit- 
tees; report of foundry committee 
at meeting Jan. 23, 1931; brief re- 
views of papers and discussions. 

Gegossene Aluminiumbronzen 
IV (Cast Aluminum Bronze), W. 
Claus and F. Goederitz. Giesserei, 
vol. 18, no. 16, Apr. 17, 1931, pages 
319-326, 14 figs. 

Theory of shrinkage; systematic 
comparison of shrinkage phenom- 
ena of aluminum bronze and tin 
bronze; linear and cubic or vol- 
ume shrinkage; relation of nature 
of shrinkage to distribution of 
total volume shrinkage over liquid 
and solid state; features accom- 
panying shrinkage, such as micro- 
piping. See Engineering Index 
1930, p. 105, for reference to pre- 
vious articles of this series. 

The Properties of Pure Nickel, 
L. Jordan and W. H. Swanger. 
Bur. Standards—Jl. Research, vol. 
5, no. 6, Dec. 1930, pages 1291- 
1307, 5 figs.; see also Metal Indus- 
try (Lond.), vol. 38, no. 16, Apr. 
17, 1931, pages 407-408. 

Physical properties of two fairly 
pure samples of electrolytic nickel 
supplied by International Nickel 
Co. 
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OVER 50 FEATURES NEW TO POTENTIOMETERS 
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REQUIRING MAXIMUM 


ACCURACY 


OTENTIOMETER Pyrometers, because 


of certain characteristics, are favored by 





EXTRA HOUSING FOR GALVANOMETER 


Entirely enclosed for protection from dirt, dust and 


















u ithout removing A ScTeU 
many for the accurate measurement of 


temperature. 


Potentiometer Pyrometers were first developed 





for laboratory service —to be used by techni- 
cians, skilled in the handling of delicate instru- 








MERCURY IN GLASS SWITCHES FOR AUTO 
MATIC CON TROL— Controller operates mercur 


switches, eliminating relays. No open arcs 


ments. They were not so well adapted to the 






rough-and-ready conditions of service in the 

















shops where industrial processes are actually 


carried on. 


Now the Brown Potentiometer Pyrometer 
brings to industry a temperature measuring 
instrument designed for severe plant conditions 
and having the highest accuracy—a potentiom- 
eter pyrometer so simplified, so positive, so 
safeguarded by design and construction and 
so automatic in operation that it can be de- 





pended on to maintain that super-accuracy 
right in the shop alongside of a furnace, forge, 
kiln or still. 











POSITIVE NON-SLIP DRIVING CLUTCH 
Rugged, positive and simple. Entire mechanism on 


vinging frame. Note also chart reroll 
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FEATURES THAT 
MAINTAIN UNFAILING 
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HE extreme accuracy of the new Brown 
Potentiometer Pyrometer is protected at 





























every stage. For instance, the slide wire 
is enclosed in glass and can be immersed in oil 
which reduces wear to a minimum and protects 
it from corrosive gases. The balancing rheostat 
is similarly protected. The clutch is non-slip. 
The balancing mechanism with rugged second- 
ary pointer imposes no strain on the galvanom- 
eter pointer. 


The Brown Potentiometer Pyrometer Chart is 
12” wide, divided into 300 divisions for sume 
ranges. Such a chart can easily be read to 1/2 
a scale division. This means that the tempera- 
ture record can be observed to 1 6 of 1%. 


In any wide chart recorder, expansion and 
contraction of the chart paper tends to pro- 
duce an error which may amount to as much 
as 1% (15° at 1500°). With the Brown Recording 
Potentiometer Pyrometer a humidity compen- 
sator accurately compensates for this possible 
error. This is an exclusive Brown feature. 
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Illustrates in detail more than 
50 new features of the BROWN 
POTENTIOMETER 
. PYROMETER 














HIS Catalog describes the Potentiometer method 
of temperature measurement. 


It explains the need for greater accuracy in scien- 
tific control of heating processes and how the Brown 
Potentiometer Pyrometer meets this need with an ac- 
curacy never before attained. 


It shows why the Brown Potentiometer Pyrometer is 
more serviceable for the daily grind of industrial use. 





The features that make the Brown Potentiometer Pyrom- 
eter so outstanding are explained in detail. Write for 
your copy. Ask for Catalog No. 1101. 






THE BROWN INSTRUMENT COMPANY 
Wayne and Roberts Avenues Philadelphia. Pa. 








22 principal cities 84-3 


Brown PoTENTIOMETER PYROMETER 


Branches in 








TUBES 

Herstellung nahtloser Rohre 
(Manufacture of Seamless Tubes). 
Internationale Zeit. fuer Bohrtech- 
nik, Erdoelbergbau und Geologie, 
vol. 39, nos. 5 and 6, Mar. 1, 1931, 
pages 35-40 and Mar. 15, pages 41- 
44, 25 figs. 

Review of developments in man- 
ufacturing processes; Pilger proc- 
ess; Swedish process; automatic 
method employing so-called auto- 
matic two-high mill; continuous 
process; hot drawing and reduc- 
ing rolls; factors influencing 
choice of process. From Demab 
Nachrichte, May 1930. 

The Push Bench Process for the 
Manufacture of Seamless Steel 
lubes, H. G. Reid. S. African 
Instn. Engrs.—JlL., vol. 29, no. 6, 
Jan. 1931, pages 119-126 and (dis- 
cussion) 126-127, 13 figs. 

Drawing methods and equip- 
ment of plant at Vereeniging, 
South Africa; calculation of forces 
and stresses in process which con- 
sist principally in hot drawing of 
hollow pierced bloom over man- 


drel. 
WELDING 


Stresses in Large Fillet Welds, 
C. H. Jennings. Product Eng., vol. 
2, no. 3, Mar. 1931, pages 116-118, 
> figs. 

Within certain limits, larger 
weld presents larger residual 
stresses and lower yield point and 
ultimate unit strength; residual 
stresses are greatly affected by 
welding procedure; typical bend- 
ing moment-deflection curve plot- 
ted from test data to determine 
vield point; strength data on fil- 
let weld bend tests. 

Die Metallographie der Wider- 
standschweissung des Eisens 
(Metallography of Resistance 
Welding of Iron I), F. Goldmann. 
Elektroschweissung, vol. 2, no. 3, 
Mar. 1931, pages 41-47, 16 figs. 

Structure at weld as dependent 
on extent and duration of heating, 
cooling time for seam, spot and 
butt welding of carbon steel; iron 
alloys and other kinds of iron and 
of iron with metallic coatings. 

Compressive Tests of Jointed H- 
Section Steel Columns, J. H. Ed- 
wards, H. L. Whittemore and A. 
H. Stang. U.S. Bur. Standards 
Jl. Research, vol. 6, no. 2, Feb. 
1931, pages 305-337, 36 figs. 

Investigation undertaken to de- 
termine experimentally distribu- 
tion of stress near ends of columns 
and in bearing plates; specimens 
consisted of two 3-ft. lengths of 
H-section steel columns of unequal 
depth placed end to end with flat 
steel plate between them; com- 
pressive loads were applied in di- 
rection of axes of columns, 

Elektrisch Geschweisste Kon- 
struktionen (Electrically Welded 
Structures), H. Hintz. Stahl und 
Eisen, vol. 51, no. 9, Feb. 25, 1931, 
page 258, and (discussion) 258- 
260. 

Comparison of welded and riv- 
eted joints; results of tests of both 
types of joints; advantages of 
electric welding, especially ma- 
chinery manufacture. 

Proposed Specifications for Fu- 
sion Welding. Mech. Eng., vol. 53, 


JUNE, 1931 


no. 3, Mar. 1931, pages 230-232. 

Proposed revisions and addi 
tions to code for unfired pressure 
vessels for fusion-welded con 
struction. 

Fillet Welds Determined Graph 
ically, J. R. Griffith. Welding, vol. 
2, no. 3, Mar. 1931, pages 163-165, 
2 figs. 

Method of finding size and 
length of fillet welds for member 
in pure tension or compression by 
means of nomographic charts. 

Fatigue Properties of Welds, J. 
B. Johnson. Welding, vol. 2, no. 
3, Mar. 1931, pages 159-162 and 
165, 7 figs. 

Investigation of various factors 
controlling fatigue properties of 
different types of welds; graphs 
illustrate fatigue properties of 
chrome-molybdenum and butt 
welded joints and of weld metal 
and typical welded joints in car- 
bon steel tubing; conclusions as to 
proper technique of the welding 
operation, 


WELD TESTING 


Neuzeitliche loet-und Schweiss 
verfahren und die Nachpruefung 
der erzeugten Naehte (Modern 
Soldering and Welding Methods 
and Inspection of Seams), H. 
Klopstock. Werkstattstechnik, no. 
5, Mar. 1, 1931, pages 131-135, 8 
figs. 

Survey of soldering methods 
and solders for ail kinds of metals 
and their practical applications; 
economy of modern welding meth- 
ods obtained by increased welding 
velocity with particular regard to 
Arcogen and Arcatom methods; 
design of instrument for testing 
quality of seam. 

The Strength of Arc-Welded 
Joints, F. R. Freeman. ZJnstn, Civil 
Engrs._—_Minutes of Proc., no, 4808, 
vol, 231, pt. 1, 1930-1931, 25 pages, 
numerous figs. partly on = supp. 
plates. 

Dorman, Long and Company 
tests to destruction on _ full-size 
specimen joints welded under 
workshop conditions; effect of 
variation in size and length of 
fillet, thickness and width of 
plates joined, etc.; physical prop- 
erties of plates, weld-metal, and 
electrodes used; tests of compo 
site joints; “quarsi-are mild steel” 
electrode used throughout; few 
tests made with “quasi-are urani- 
um” electrode; rules for design, 
working-stresses, etc., of fillet 
welds and butt welds. 

Auffindung und Darstellung von 
Spannungsrissen an Schweissun 
gen (Determination and Repre- 
sentation of Cracks in Welds), H. 
Kemper. Autogene Metallbearbeit- 
ung, vol. 24, no. 4, Feb. 15, 1931, 
pages 57-60, 5 figs. 

Advantages of different methods 
for discovering hair cracks with 
particular regard to use oil and 
chalk, and use of sensitized paper 
subsequent to treatment of welds 
with ammonia sulphide. 

Certifying Welds, H. L. Whitte- 
more. Welding Engr., vol. 16, no. 
3, Mar. 1931, page 49. 

Suggestions regarding subject- 
ing of welding procedure to en- 
gineering control and assurance of 
certificates or documents testify- 
ing to quality of welds. 


X-RAY 

A New X-Ray Spectrograph for 
Wave-Length Determinations in 
Air, S. Zeidenfeld. Rev. Sci. In 
struments, vol. 2, no. 3, Mar. 1931. 

Instrument is vitally necessary 
in all channels of research apper 
taining to x-ray spectrography; its 
performance in both qualitative 
and quantitative analyses has been 
demonstrated and owing to good 
accuracy permissible, spectro 
graph should be found indispen 
sable for new wave-length dete 
minations (rare-earths, etc.) in re 
gion of 0.5-2.0A approximately. 

X-Rays in Metallurgical Re 
search—-l. Metallurgist (Supp. to 
Engineer), Feb. 27, 1931, pages 
26-28, 1 fig. 

In article by Westgren, indexed 
in Engineering Index 1930, from 
Nov. issue of Zeit. fuer Metall 
kunde, author takes objection to 
statement by Rosenhain in paper 
before Institute of Metals (See En 
gineering Index 1929, p. 1148), 
which is interpreted as opinion 
adverse to usefulness of x-rays for 
research into constitutional dia 
grams; it is believed Westgren 
tends to proceed to other extreme 
by emphasizing undoubted advan 
tages that x-ray methods present 
without mentioning difliculties 
that may render them in some 
cases unsuited. 

The Influence of the Crystal-Ori 
entation of the Cathode on That of 
an Electrodeposited Layer, W. A. 
Wood. Phys. Soc.—Proc., vol. 43, 
pt. 2, no. 237, Mar. 1, 1931, pages 
138-141, 6 figs. 

Influence of crystal-orientation 
of cathode on that of electro-de 
posited layer is studied by X-ray 
methods for cases of copper and 
nickel, respectively, deposited on 
rolled copper. 

X-Rays in Metallurgical Re 
search—-Il. Metallurgist (Supp. to 
Engineer), Mar. 27, 1931, pages 
35-36. 

Review and discussion of West 
gren’s investigations: in cases 
where second phase is present in 
such small quantities that it can 
not be detected by X-ray methods 
when associated with matrix, it is 
still possible, in some instances, to 
obtain useful information; classi 
lication of alloy phases according 
to their crystal structure; West 
gren, it seems clear, is justified in 
his contention that X-ray analysis 
should be more widely used by 
metallurgists than it is at present. 

On the Regularities of X-ray 
Spark Spectra, S. Idei. Tohoku 
Imperial Univ.—-Science Reports 
vol. 19, no. 5, Dec. 1930, pages 551 
558, 6 figs. 

By regularities found it was 
possible to correlate certain spark 
lines found by several investigat 
ors. Bibliography. (In English.) 

New Applications for the X-ray 
Are Continually Being Discovered 
D. S. Brown, Elec. Jl., vol. 28, no. 
2, Feb. 1931, pages 88-90, 4 figs. 

Annual business in X-ray tubes 
and equipment amounts at present 
to about $30,000,000 for world at 
large and about $15,000,000 for 
United States; medical uses; ther- 
apeutics; industrial uses; applica 
tions and art and science; future 
outlook. 
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Steel Users Reference Book William Jessop & Sons, 
Inc., issue a booklet showing compositions, thermal 
treatment, mechanical properties and uses of various 
types of tool and constructional steels. The theories of 
hardening are discussed in their practical aspects. Bul- 
letin M-61. 

Pot Type Furnaces -Hevi Duty Electric Co. <A de- 
scription of the standard pot type furnaces used for 
the immersion method of heat treating parts. Ilustra- 
tions, along with the specifications, are also given. 
Bulletin M-44, 


Industrial Application of the X-Ray General Electric 
X-Ray Corp. Booklet gives many examples of the use 
of the X-ray in the industrial field. Profusely illustrated 
with radiographs of castings, welds, assemblies, ete. 
Bulletin M-6. 


Carbidefree Alloys—-Metal and Thermit Corp. A 
booklet describing their metals and alloys as produced 
by the aluminothermic process. Bulletin M-64. 


Furnaces.-George J. Hagan Co., industrial furnace 
builders, have recently issued several new descriptive 
booklets describing their furnaces. Copies are availa- 
ble by requesting bulletin M-42. 


Practical Metallurgy for Engineers— EE. F. Houghton 
& Co., Philadelphia. A 435-page book by the Houghton 
Research Staff, covering practical metallurgy in all its 
phases. Copies of the third edition are obtainable by 
sending $3.00 directly to the above company. 

Conveyor Belts—-Wickwire Spencer Steel Co. <A 
new portfolio describing the salient features of all 
types of Wissco conveyor belts, including the new 
heavy duty Atlas link belt for conveying heavy bulky 
materials through continuous heat treating operations. 
Bulletin M-37. 

Nitriding Furnaces—-American Electric Furnace Co. 
will be glad to send their new bulletin which covers 
their new Nitro furnace for nitriding. Bulletin M-2. 


Grinding and Polishing Machine —E. Leitz, Inc. New 
single spindle device with automatic arrangement for 
polishing, representing improvement over all previous 
constructions is listed in a new pamphlet. Bulletin 
M-47. 

Carburizing Compound Char Products Co. booklet 
describing process of manufacture and performance of 
Char carburizing compounds and offering the advan- 
tages of a carburizing material which does not burn on 
exposure to air. Booklet M-58. 

Tool Steels——-Carpenter Steel Co. “Timbre and How 
It Affects the Properties of Carbon Tool Steel” has been 
published by the research department. Timbre is de- 
fined and illustrated and means of testing for it are 
given. Bulletin J-26. 

Cyanides—- The Roessler and Hasslacher Chemical 
Co., Inc. Folder illustrating simplified apparatus and 
method of controlling cyanide baths for heat treat- 
ment and case hardening of carbon and alloy steels. 
Directions for use, ete., are included. Bulletin M-29. 


Corrosion-Resisting Steel Bethlehem Steel Co. Book- 
let fully describing Bethalon, a corrosion resisting steel 
that combines immunity to corrosion with the easy 
machinability of screw stock. Bulletin M-76. 


Gas Burners — American Gas Furnace Co. Bulletin 
illustrating and describing burners used for local hard- 
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ening and tempering of hack saw blades, wrenches, 
chisels, screw drivers, punches, pliers, ete. They are 
also used for soldering and brazing steel parts in lab- 
oratories and repair shops. Bulletin M-11. 

Alloy Products——-The Pressed Steel Co. in their new 
catalog give interesting data relative to Rezistal Lite- 
Wate carburizing and annealing containers and other 
equipment. Bulletin M-67. 

Welding Inspection and Test- Westinghouse Electric 
& Mfg Co. A 16-page booklet featuring the methods of 
are welding inspection and test used by this company. 
This includes testing of oil-tight and air-tight tanks. 
One of a series of bulletins published for users of are 
welding. Bulletin M-53. 


Steel Journal and Stock List Joseph T. Ryerson & 
Son, Inc. 128-page booklet giving stock sizes, weights, 
extras, etc. on all alloys and general steel lines carried 
in stock. It also contains 32 pages of trade news, ar- 
ticles on business conditions and others of general in- 
terest. Bulletin M-50. 


Pyrometers —Charles Engelhard, Inc. The subjects 
of sensitivity, resistance, support and control of mov- 
ing coil, and temperature co-efficient are discussed in a 
bulletin describing features of indicating and record- 
ing pyrometers. Bulletin M-14. 


Large Metallographic Microscope—Carl Zeiss, Inc. A 
28-page illustrated booklet describing the working ar- 
rangement of this instrument as applied to the field of 
metallography. Bulletin 397. 


Furnaces— Surface Combustion Corporation invites 
your request for new bulletins M-51A on Continuous 
Annealing Furnaces; M-51B on Carburizing, Annealing 
and Hardening Furnaces; M-51C on Mufflle Type Hard- 
ening Furnaces. 

Fatigue Testing Machine Thompson Grinder Co. 
Interesting data on fatigue testing and a description of 
the rotating beam tvpe of fatigue testing machine are 
given in Bulletin M-23. 

Tungsten Carbide Tools —Firth-Sterling Steel Co. 
Booklet and catalog on Firthite tungsten carbide, de- 
scribing applications, methods of grinding, ete. Typi- 
cal examples are given of this material in comparison 
with other tools on various production jobs. Bulletin 
H-5. 

Handbook of Alloy Steels—Republic Steel Corp. 
Agathon Alloy Steels Handbook is available in a revised 
edition. Complete instructions for the heat treatment 
of the various steels are given in chart form for easy 
reading. Bulletin H-8. 








Metal Progress, 7016 Euclid Ave., Cleveland. 

Please have sent to me the following literature as 
described under “Helpful Literature for the Asking” in 
June Merat ProGress. (Order by number.) 
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New Books Offered 


Electric Furnaces--The Electric Furnace Co. have 
available a 56-page booklet illustrating various types of 
electric furnaces handling products ranging in size 
“from steel balls to oil stills.” Bulletin J-30. 


Homo Tempering Furnace Leeds & Northrup Co., 
treat the subject of tempering rather thoroughly from 
the furnace standpoint in their catalog on the Homo 
furnace. It brings out the reasons underlying the Homo 
design with its automatically reversed air circulation. 
Bulletin J-46, 

Hy-Ten Alloy Steels Wheelock, Lovejoy & Co., Inc. 
“Pertinent Points” folders covering physical proper- 
ties, heat treatment and applications of all grades of 
Hy-Ten Special Steels. Bulletin J-22. 

Non-Metallic Heating Elements -Globar Corp.  Bul- 
letin of technical information concerning Globar non- 
metallic electric heating elements which are used for a 
wide variety of industrial heating applications. Bul- 
letin J-25. 

Straight Chromium Stainless Irons and Steels —Asso- 
ciated Alloy Steel Company’s bulletin covering fabri- 
cation data on various grades of non-corrosive and heat 
resisting alloys. Bulletin J-18. 


Allegheny Metal-Allegheny Steel Co. Builetin A 
covering the application of this material in controlling 
corrosion. Includes table of media to which this metal 
is resistant, physical properties, etc. Bulletin J-20. 


Spencer Turbo-Compressors—Spencer Turbine Co. 
Catalog describing design and operating characteristics 
of Spencer Slow Speed Multi-Stage Centrifugal Com- 
pressors for supplying air for oil and gas-fired furnaces 
and ovens. Bulletin J-70. 


High Temperature Alloy Sheet Containers Michigan 
Steel Casting Co. A bulletin describing and illustrating 
various types of heat and corrosion resisting alloy 
boxes and containers for annealing and carburizing 
purposes. Bulletin J-12. 


“Heat Treatment of Steel” —General Electric Co. A 
75-page booklet on steel treating and the use of stand- 
ard electric furnaces in connection with heat treat- 
ment, also contains many illustrations and charts. Bul- 
letin J-60, 


Indicating Controllers The Brown Instrument Co. A 
broadside is available describing and illustrating a new 
indicating control instrument for automatically con- 
trolling relatively high temperature processes. Bulletin 
J-3. 


Alsifer—-Vanadium Corporation of America. Leaflet 
describing a balanced alloy of aluminum, silicon and 
iron which is carbonless and non-disintegrating. It 
provides efficient deoxidation in steel melts. Bulletin 
J-27. 

Electroplating Aluminum Aluminum Company of 
America. <A descriptive and illustrative booklet, out- 
lining procedures for plating on aluminum and its al- 
loys which have been commercially successful for sev- 
eral years. Bulletin J-54. 

Grinding Cemented Tungsten Carbide -The Carbo- 
rundum Co. Booklet of information on grinding ce- 
mented tungsten carbide, including recommendations 
7 the grit and grade of grinding wheels, etc. Bulletin 
“O74. 


Furnaces —W.S. Rockwell Co. Leaflet on heat treat- 
ing and carburizing furnaces for annealing, hardening, 
normalizing, carburizing, drawing, etc. Bulletin J-49. 


Nickel Cast Iron News——International Nickel Co. An 
8-page illustrated miniature newspaper devoted ex 
clusively to Nickel Cast Iron. Contains technical, semi- 
technica! and news articles dealing with the produc- 
tion and use of these alloys and other special features 
as editorials, etc. Bulletin J-45. 

Automatic Control Ryan, Scully & Co. Booklet de- 
scribing and illustrating various types of combustion 
and temperature control apparatus for industrial heat- 
ing operations. Bulletin J-4. 
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(Continued) 


Continuous Pickling Equipment The Weaver Broth 
ers Co. Bulletin describing equipment used in the con 
tinuous pickling of metal products. Bulletin J-52 

Bearings Timken Roller Bearing Co. Leaflet on 
load and power tests on anti-friction bearings for steel 
mill service. Bulletin J-71. 


“Methods of Cutting Metal” Simonds Saw and Steel 
Co. <A practical book for men who work in metal 
Bulletin J-69. 

Induction Melting Ajax Electrothermic Corp. “Ton 
nage Melting by Coreless Induction,” a paper contain 
ing latest information regarding coreless induction fur 
nace development, metallurgical results obtained, and 
bibliography of important articles about these furnaces 
since their introduction, Bulletin J-41. 


Aluminum Alloy Castings British Aluminum Co., 
Ltd. Booklet contains information on aluminum alloys 
used in all manner of light alloy castings. Contains a 
quantity of technical information for foundries and 
users of aluminum alloys and alloy castings. Bulletin 
J-78. 


Kromepatch EF. J. Lavino and Co. A new 6-page 
folder on Kromepatch, the multi-bond chrome cement, 
covering its applications to a wide variety of indus 
tries, describing its resistance to spalling, cutting, 
buckling, abrasion and porosity. Bulletin J-40. 


Industrial Regulators The Minneapolis-Honey well 
Regulator Co., publishes a booklet introducing thei: 
industrial motors and motor valves, temperature, pres 
sure and combustion safety controllers and relays 
used for the automatic control of industrial furnaces 
and ovens. Bulletin J-48. 


Carburizing Boxes  Driver-Harris Co., has issued 
bulletins featuring carburizing boxes (both sheet and 
cast). These bulletins give data and advantages of 
“Nichrome” heat resisting alloy. Bulletin J-19. 


Stainless and Heat Resisting Steels—United States 
Steel Corp. Illustrated booklet describing — these 
products as produced by subsidiary companies. 
Bulletin J-79. 


Scale Prevention Dearborn Chemical Co. Booklet 
describing latest scientific methods of treating wate 
for prevention of scale, corrosion and foaming in steam 
boilers, dealing with related problems in connection 
with scale and corrosion in other power plant equip 
ment. Bulletin M-36, 


Tool Steel Handbook — Columbia Tool Steel Co. Ds 
scription and correct use of tool steels. Hints on how 
to avoid hardening failures. Also, heat treating meth 
ods and valuable information tables. Booklet M-28. 


Resistant Alloys. Calorizing Co. A technical bulle 
tin giving physical properties of nickel-chromium-iron 
alloys at operating temperatures. These alloys are 
adapted to various applications where heat and cor 
rosion are encountered. Photographs of typical appli 
cations are given. Bulletin H-9. 


Heat and Corrosion Resistant Alloys General Alloys 
Co. A new bulletin is available on chrome-nickel and 
straight chrome heat and corrosion resisting alloys. 
Bulletin H-17. 


Ingot Molds—-Gathmann Engineering Co. The sub 
ject of ingot molding is covered in a new book on this 
subject. Numerous illustrations of the effect of various 
methods of finishing and casting on the reliability of 
steel products are given. Bulletin H-13. 


Heat Treat Supplies Case Hardening Service Co. 
Supplies and equipment for the modern heat treating 
plant are described in a 24-page catalog. Numerous 
illustrations and many helpful suggestions for eco 
nomical heat treating and equipment operation are 
given. Bulletin H-15. 


Ferro Alloys——Electro Metallurgical Sales Corp. 
Ferro Alloys and Metals are fully described in the third 
edition of this catalog. The products furnished by this 
company to the various metallurgical industries ar 
also included. Bulletin H-16. 
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THER E AR E 


some GOOD things 


about LEMONS 


= SIR, even a lemon, our symbol for everything 
that’s sour, has its good points. Take lemonade or 
lemon cream pie! 

So, too, do the “lemon” years have their good 
points. When sales are slack the research and produc- 
tion departments have a chance to look around and see 
what, where, and how their products can be improved 
to do a better and more economical job for the user. 
That's why, in 1930 and 1931, more new ideas have 
been developed, more new processes and methods dis- 
covered and perfected than in any similar period. 

At National Metal Congress these new ideas — 
hundreds of them — will be given to you without cost. 
They are ideas which will help you to improve your 
product, decrease your production costs, increase your 
sales. So don’t fail to attend the greatest of the world’s 


most important gatherings of metal men, 


NATIONAL METAL CONGRESS 


AND 


NATIONAL METAL EXPOSITION 


TO BE HELD ON 





COMMONWEALTH PIER, BOSTON 


SEPTEMBER 21, 22, 23, 24 AND 25 


OVER 200 EXHIBITORS OVER 60,000 SQ. FT. OF EXHIBITS 


OVER 40 TECHNICAL SESSIONS 


MAKE YOUR PLANS NOW TO ATTEND 
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NE W ENGLAND 


WAKES YOU UP AND CLOTHES YOU 





[t is just a little over 120 years ago, 
in 1790 to be exact, that the first 
clocks were laboriously put together 
in Waterbury, Connecticut. In 1927, 
according to the UL. S. Census of 
Manufacturers, Connecticut and 
Massachusetts together produced 48% 
of all the clocks, time-recording de- 
vices, and clock movements manu- 
factured in the country and Massa- 
chusetts alone produced 28° of all 
the watch and clock materials and 


parts (except w atchcases ). 


Thirty-five years after clocks be- 
came a factor in manufacturing, a 
William H. Howard began to build 
looms in Worcester, Massachusetts. 
From that beginning has grown the 
vast textile machinery industry which 
dominates the entire United States. 
In 1927 the New England States pro- 
duced 62% of the textile machinery 
and parts manufactured in the United 
States—40% of the total U. S. pro- 
duction being in Massachusetts alone. 


The New England States offer one of 
the most fertile fields in the country 
for the practical study of metal pro- 
duction, fabrication, welding, treat- 
ment and use. Practically every phase 
of the entire industry is to be found 
within a short automobile or train 
ride of Boston, the city in which the 
1931 NATIONAL METAL CON.- 
GRESS will be held. And many of 
these plants are world leaders. It will 
pay you well to plan your trip so that 
you can inspect some of them during 
the week of September 2 Ist. 


These societies co-operate to make 
NATIONAL METAL CONGRESS 
and NATIONAL METAL EXPO- 
SITION the greatest annual event 
in the metal industries: 

American Welding Society 

Institute of Metals Division, A.1I. 

M.E. 

Iron and Steel Division, A.I.M.E. 

Machine Shop Practice Division, 

4.S.M.E. 

Iron and Steel Division, A.S.M.E. 

American Society for Steel Treating. 
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Over a year longer operation 








-—by using 
KROMEPATC 





MULT!-BOND CHROME CEMe NY 


... instead of a Fire 
Clay Base Cement, 
for laying-up brick 














Forge Shop Superintendent 
of one of the largest Eastern 
Shipyards, advises that 
forge furnace’s refractory 
lining laid in Kromepatch 
(Cement and operated con- 
tinuously 24 hours daily, 
gave nineteen months ser- 
vice life. The best pre- 
vious service life, using 
clay base bonding ma- 
terial was six months. 
- 

. again Kromepatch demon- 

strates its ability to prolong the 


service life of furnace linings. 





advantages of 








ROMEPATC 


LTI-BOND CHROM: 
rue MU CHROME CEmen, 


Resists high temperatures . . . air-sets strongly ... will not soften under load at high 
temperatures . . . made of the highest grade refractory chrome ore obtainable . . 
bonds without fluxing ... not affected by chemical erosion of ash, slag or gases. 
Universally adaptable for laying refractory brick in all types of industrial fur- 
naces. Can be troweled, dipped, sprayed, poured or brushed. 











WRITE FOR BULLETIN 1-17-16 


’ 


“Distributors in Principal Cities’ 


E.J.LAVINO AND COMPANY 


REFRACTORIES DIVISION 
CHROME, MAGNESITE AND SILICA REFRACTORIES 
BULLITT BUILDING PHILADELPHIA 


NOTE: KROMEPATCH “The Multi-bond Chrome Cement’’ is 


shipped DRY in air-tight metal containers of 200 lbs. 











net weight ... 212 lbs. gross weight. ‘ 
i ssileeeiitiinilieaiiainns i eel 
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ELIMINATES ALL DIFFICULTY FROM THE 
MACHINING OF CORROSION-RESISTING STEEL 


Until recently machining difficulties have been considered inseparable from the use of cor- 
rosion-resisting steels in machined parts. The introduction of Bethalon has completely 
altered the situation and entirely eliminates machining problems as a consideration in deter- 
mining the feasibility of using machined corrosion-resisting steel parts... A great number 
of intricate automatic screw-machine parts are now being made of Bethalon without the 
slightest additional machining cost. No changes in the set-up of automatic screw-machines, 
or in feeds, speeds or depths of cut are necessary in changing from screw-stock to Bethalon. 


Bethalon opens a great new field for corrosion-resisting steel. Many manufacturers are find- 





ing that they can well use this material in their product. Perhaps there are parts of your 





‘product that could be made of Bethalon to your advantage. 


BETHLEHEM STEEL COMPANY, General Offices: Bethlehem, Pennsylvania 


DISTRICT OFFICES: New York, Boston, Philadelphia, Baltimore, Washington, Atlanta, Buffalo, Pittsburgh, Cleveland, Cincinnati, Detroit, Chicago, St. Lowis 


PACIFIC COAST DISTRIBUTOR: Pacific Coast Steel Corporation, San Francisco, Los Angeles, Seattle, Portland, Honolulu 


EXPORT DISTRIBUTOR: Bethlehem Stee! Export Corporation, 25 Broadway, New York City 


= BETHLEHEM @& 
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igor manufacturer of! 
steering gears is using 
**Nichrome”’ Containers for 
the same reason that hun- 


dreds of others are using 


*Nichrome’”’. 


They know the satisfactory 
results obtained with ~Ni- 
chrome” carburizing contain- 
ers (both sheet and cast) at 
high temperatures — satisfac- 
tory results in point ol tur- 
nace hour service, shorter 
heats. reduced rejects. 

Qur engineers will be glad t 


help you solve your heat 


treating problem. 


v bd e {// nie kel-chromium carburizing 
Carburizing conttiners are cored Hend 


DRIVER-TTARRIS COMPAN) 
Ifarmrason. S.J. 
Chicago Cleveland Detroit Ml 


Boxes a 


” Nichrome 


—the original heat-resisting alloy 
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